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TECHNICAL EDUCATION. 

THE desire shown by the City companies generally to advance the cause of technical 
education, as evinced by the conference recently held at Marlborough House, leads 
us to hope that many of the guilds will — followiog the example of the Goldsmiths' 
Company — undertake the superintendence of a system of instruction suited to their 
respective crafts. The City companies, each as representing a trade, are particularly 
qualified for promoting technical education ; but it is difficult to see the gain to be derived 
from their acting collectively, as suggested by some of the speakers at the Marlborough 
House Conference. Indeed, from the very nature of technical education, it is impossible 
to arrange a common code or system that will be applicable to eveiy trade, imparting, as 
it should, to every apprentice and young workman those principles of design and 
construction involved in his particular art, which cannot be gathered by simply working 
at his trade day by day. 

The various branches into which the horological trades and workers in the precious 
metals are divided, require artistic and mechanical ability, and, here in London at least, 
no trade is so well provided with the means for the requisite technical education. The 
artistic instruction is most worthily provided for by the Goldsmiths' Company, who have 
established a school in the centre of the district devoted to watchmakers and jewellers, 
where gratuitous instruction is given in designing, drawing, and modelling appropriate 
subjects. The rudimentary technical knowledge being thus gained, the Company annually 
offer prizes as an incentive to those possessing extraordinary ability to come forwai'd, and, 
while making their own positions in life, securing to the nation the benefit of the talents 
they possess. The culminating honour and reward offered by the Goldsmiths' Company 
is a travelling scholarship of £100 per annum, which may be given to a student who has 
shown exceptional talent. The whole of the conditions of this year's prizes are printed on 
the cover of this Journal^ and we most heartily commend them to our readers* attention. 
"We believe no other City company has yet arranged so complete a scheme, or done so much 
for the cause of technical education, as the Goldsmiths. 

The branches requiring mechanical knowledge are provided for by the Council of the 
British Horological Institute. Classes, in which the students arc grounded in the laws of 
mechanics and taught mechanical drawing, are held at the Institute. Exhibitions of work 
will also be held at the Institute, and prizes given to the producers of those specimens sliowing 
the greatest excellence, due regard being paid to the age and experience of Uie ^"s\vvVi\\.QX. 
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Reverting to the City companies, much has been done by the Turners', whose prizes, 
from, the fact that the art of turning is not confined to one trade, fall to artificers in 
different branches of industry, and we gratefully remember that last year their prizes were 
wholly offered as a stimulus to the various branches of our own art ; this year turning in 
stone and ivory will form the subject for competition, thus offering an opportunity which, 
we have no doubt, will be seized by the manufacturers of watch jewels and other workers 
in precious stones connected with our art, who will notice by the conditions which are 
published in fhll in our advertising space, that the prizes are not offered for strictly 
mechanical accuracy (except so far as turning two objects exactly alike), but especially for 
beauty of design and skill in overcoming difficulties in regard to the material. 

The Coach-makers and Coach Harness-makers, the Stationers, the Cloth-workers, and 
some of the other Companies are doing work, but at present with schemes more or less 
fragmental. We trust, however, that ere long many companies will have complete systems 
of technical education in full swing, turning the talent of the English mechanic, now so 
often wasted upon impossible contrivances for want of mechanical knowledge, as even the 
records of the Patent-office will testify, into channels where it can promote the prosperity 
of the country, and giving mb something better than the miserable abortions we so often 
have when artistic design is attempted. 



EXHIBITION OF WORKMANSHIP AT THE INSTITUIE. 

ON Monday, Nov. 10, will be opened the first exhibition devoted exclusively to work 
connected with the various branches of the horological trades. Everything that anxious 
thought could suggest has been done by the Council of the Institute, and it now only 
remains for the workmen in every branch to send in specimens of their very best, not 
forgetting to send in with their exhibits the name of a geirtleman whom they would 
like to act as judge, as pointed out in the conditions published in the Juno number, 
of the Joumcdf at page 123. In response to an invitation to name one of the Judges, 
Lady Burdett-Coutts has requested Sib Chakles WnEATsxoxE to act in that capacity, 
and Sir Charles has acceded to her ladyship's request. At the solicitation of the. Council 
Mb. Kfllbebo has also consented to act as one of the Judges. 

Appended are the amounts of the prizes to be given for the best specimens of work in 
some of the chief branches. Other prizes will be given, varying in amount with the 
importance of the branch and the degree of excellence shown by the specimens. 
A prize of £5 for the best Chronometer Escapement. 
A prize of £5 for the best Lever Escapement. 
A prize of £5 for the best Finishing. 
A prize pf £5 for the best specimen of Keyless Work. 
A prize of £5 for the best made and applied Balance Spring. 
A prize of £5 for the best specimen of Case-making. 
In addition to any other prize which may have been awarded to him, the producer of the 
best specimen of work in the Exhibition wiU receive the Silver Medal of the British 
Horological Institute. 

The judges will have the power of withholding the prize in any particular branch should 
none of the specimens be of sufficient excellence. 

The work of apprentices will receive special consideration. 

Any exhibit to be eligible for receiving a prize must have been produced specially for 
the exhibition. 
The last day for receiving specimens for competition is Saturday, Ist November. 
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THE HIOHER HOROLOOICAL ART.* 

RULES FOR THE C0H8TRUCTI0H OF A8TR0K0MI0AL, NAUTICAL, AND OTHER EXACT TIME MEASURERS. 

(BT URBAN JURGENSEN.) 



(Continued from Page 156.J 
CHAPTER III. 

Upon the Balance and the Balance Spring. 
Compensation by the Curb and the Balance. 
Isochronism of the Oscillations by means of 
the Balance Spring, 

SECTION I. 
The Balance. The Balance Spring. Re- 
ducing the effect of outer motion upon the 
Bcdance. The resistance of friction at the 
Balance pivots. The residance of the air. 
Thi balance is the regulator of such time- 
pieces as have to submit to external motion, 
and is, as we know, a circular body, 
concentric with its axis, and which in every 
p<y8sible position is in perfect equipoise. On 
the ends of the axis of the balance (the balance 
staff) are pivots which work in suitable holes 
to increase to the greatest extent the freedom 
of the motion of the regulator. 

Fig. 12. A pendulum swings 

by means of gravity, 
a balance by means 
of a very elastic spiral 
spring called the Ba- 
lance Spring. The 
balance and balance 
spring are shown in 
Figs. 12 and 13. A 
balance once set in 
motion would con- 
tinue moving for ever were it not for the 
friction of tho pivots and the resistance of the 
^f which gradually stop the oscillations. In 
order to sustain these it is necessary to employ 
a force which shall overcome the friction at 
Kg. 13. ^^® pivots and of the air upon 
the balance. This force must 
be greater or less according 
as the balance suffers more 
or less resistance from fric- 
tion ; but as the balance should 
oscillate as freely as possible, 
^ihe affected as little as may be by external 
fttotion of the timepiece, we must arrange it 
^ snch a manner that the friction and resist- 
*^ce of the air are reduced to the lowest 
■nioimt, without of course losing sight of 
jertain other matters essential for exact time- 
keeping. 

wemal motion, or shaking, of a timepiece 
tith a balance has an effect upon the oscil- 
jitioDs of the balance, increasing or diminish- 
Ug their extent and having an injurious 





influence upon tjie rate of the watch ; it is 
therefore, of the greatest importance that 
we should attend carefully to the following 
rules : — 

I. — ^The EFTEcrr of outeb motion upon thb 

OSCILLATIONS OF THE BALANCE MUST BE BIHINISHEI) 
AS KUCH AS POSSIBLE. 

II. — ^FbICTION MUST BE BEBUCED TO THB 
LOWEST DEGBEE. 

III. ^ThE BESISTANCE of the AIB MUST BE 

THE LEAST THAT WE CAN MAKE IT. 

Means of diminishing the effect of external 
motion upon the balance. 

Any motion of a watch, such as jerking or 
shaking it, has, as we have said, an 
injurious effect upon the balance, altering 
the extent of its arc of oscillation. There 
is no means by which this effect can be 
quite neutralised, but it can be reduced to 
such a low degree that it causes no appreci- 
able alteration in the rate of the watch. 

If a watch were moved in a straight line, 
passing through the centre of tho balance, 
the oscillations would not be affected thereby, 
as the influence upon one side of tho line 
would be destroyed by that upon the other 
side; but it seldom happens that a watch 
is moved in such a manner, but generally 
more or less in a circular line, which has the 
most hurtful effect upon the arc of oscil- 
lation. We have to pay particular attention 
to this fault and provide against it as much 
as possible. 

Let US suppose a balance swinging twice 
in a second, that the arc of oscillation shall 
be 175 degrees, and that an external motion 
of the watch shall be in a circle in the same 
plane as the balance, of the uxtent of 25 
degrees and take place in half a second ; in 
such a case the motion of the balance would 
be 7 times quicker than that of tho watch, 
and it is easy to see that the motion of the 
latter could not increase or diminish that of 
the balance more than ^, that is to say the 
increased arc would be 200°, and the dimi- 
nished arc 150°. If we suppose that the 
balance makes 4 oscillations in the second, 
that the arc of oscillation is 175° and that as 
before, the external circular motion of the 
watch to the extent of 25° takes place in half a 
second, the motion of the balance would be * 
14 times quicker than that of the watch. 

• Translated from the German, for the Horo' 
logicalJoumal^ 6y Mr, George MLtt\|eT, 
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" Nor loTe thy life, nor hate ; but what thoa liveit 
lireweU " ^Paradhe Lott,B.X[. 



[0B0L06Y has lost a veieran leader ! while 
et firm in intellect, characterized, as ever, for 
Lb kindly, genial, and communicative dis- 
dsition, and occupied, moreover, to the last 
L the pursuit of that science to whose service, 
om boyhood, he had dedicated himself, in 
le ninth decade of an honoured life, Charles 
[acDowall has gone to his rest. Beneath the 
ladow of this loss we look back through the 
inals of horologic science, and sec in them 
w names of greater prominence than that of 
le strenuous master workman, the ever 
illing expositor and teacher, who has now 
oished his task. 

Charles MacDowall, one of a family of five 
lildren, was bom on the sixth day of April, 
790. Of the exact place of his birth, how- 
rer, we cannot speak with certainty. It is 
enerally supposed, and indeed highly 
robable, that this took place at Pontc- 
ract, or Pomfrct, in Yorkshire, inasmuch 
a he, " Charles, son of William and Dorothy 
ilacDowall," is recorded in the parish register 
IS having been baptized there on the twentieth 
lay of June of that same year.* 

Like many, who, by their own energy, and 
a diligent use of present opportunities, have 
at length won for themselves high distinction, 
Charles MacDowall was of humble parentage. 
His father, William MacDowall, first entered 
the town of Pontefract as a journeyman 
Watchmaker. He has, moreover, been des- 
cribed as a skilful workman, and is still well 
iBmembered as having, some fifty years since, 
been in the habit of making periodical visits 
ftom that place iuto the country for the pur- 
pose of cleaning and repairing clocks. After 
Working for a time in that capacity with a 
^. Berry, he started in a small business in 
Pontefract on his own account, but subse- 
quently removed with his wife (Dorothy) and 
young Charles to Leeds, where he again 
■tartod in business — leaving behind him the 
remaining members of his family, two sons 
*ttd two daughters. Here it was that some 
i»f the most interesting incidents in the early 
life of young MacDowall took place. Not- 
tithstanding a strong predilection for his 
lather's occupation it is related that, owing 
the ill success of one of his elder brothers 
D this direction, his father determined to put 
im to another business, and it is worthy of 

* Beoorded in the parish choroh of St. Giles^ 
Jukai-^aoe, Poutefraot. 



remark in passing that some branch of science 
appears to have been considered as a first 
essential. Accordingly, young Charles was 
sent to a chemist, an old quaker, residing in 
Leeds, to which profession it was doubtless 
hoped that his attention would at length have 
been directed. He was here set to work in a 
distillery, an occupation towards which he 
soon showed a great aversion, in fact so much 
so that, within a short time of his admission, 
we are told, he ran away from his master. 
Horology was hereditary in him, and no force 
of persuasion seems to have been ot any avail 
in diverting him from his resolution to follow 
it. 

One of the most interesting of all the cir- 
cumstances of his early life, and that which 
appears to have decided his career, is told in 
the following story : — One day, while residing 
in Leeds, a gentleman called respecting, and 
bringing with him, a repeater watch. His 
father, however, was absent on that occasion ; 
accordingly, but not without many injunc- 
tions, we apprehend, on the part of the owner, 
young MacDowall, not yet fourteen years old, 
was entrusted with the care of it, with all 
necessary instructions, to await his father's 
return, and the owner departed. But here 
was a rare opportunity of extending know- 
ledge ! such indeedas had probably never before 
presented itself. By stealth he removed to 
his bedroom, where he had erected a work 
bench and had provided himself with such 
tools as came within his means, or as might 
have been allowed him by his father for 
purposes of amusement, and here, unknown to 
even his mother, and little suspected, he pro- 
ceeded to acquaint himself with so rare a piece 
of mechanism. He was successful in taking 
it to pieces and cleaning it ; nay, more, in 
restoring every part to its original position, 
and, having quietly retuimed to the shop 
was in the act of delivering it up, in goifig 
order f te its owner — who had by that time re- 
turned — when his father came in to learn, with 
much incredulity and astonishment, the truth 
of what had happened. Although for the 
time it was an occasion of much remonstrance, 
it nevertheless became the turning point in 
Charles MacDowalPs history, for from that 
time his father became also his tutor, and thus 
commenced a career such as, in its entirety, 
is seldom met with — a career in the pursu- 
ance of which came its own reward, and such 
as should in due time bring forth much firi3it« 
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On the death of his father he carried on 
business for his mother, but afterwards re- 
moved to Wakefield, where, in the district 
of Saint John's, he started for the first time 
in his own business. Nor did he long remain 
a stranger, for within a short time of his 
arrival there daily came to his window crowdi 
of eager and delighted sightseers to witness 
the curious movements of his timekeepers. 
These often went their way persuaded in 
themselves and declaring to others that clocks 
were driven by steam. So great was the ex- 
citement that prevailed for these matters among 
the townspeople, who regarded them as by no 
means least of the attractions of ** Merry Wake- 
field "♦ that Mr. MacDowall was compelled, 
either from the interference of municipal autho- 
rity or for his own peace, to withdraw the most 
important of them. Notably amongst the 
attractions of his window, we believe was, his 
*' endless gravitating and revolving gravita- 
ting timepiece," with ** quiescent armil- 
lary escape," which has been described as 
''without springs, chains, barrels, fusees, or 
keys," but which, from its apparent non- 
existence at the present time, we are unable 
to describe. Hero it was that he appears to 
have invented his ''helix lever" (oblique 
toothed gearing), or, as he has sometimes 
styled it, his ** circular helix," or ** rolling 
helix lever," the valuable and distingtiishing 
properties of which he has thus described : — 
** First, it passes equal spaces in equal times, 
and consequently is at idl times at equal dis- 
tances from the centre of motion, — Secondly, 
it has a continued line of centres, and a single 
point of contact, — Thirdly, its pressure is al- 
ways in a line parallel to its axis, by which 
all friction of the shoulders is avoided, — And, 
lastly, it has a rolling actiqn, which materially 
reduces the friction at the points of contact." 

This shortly attracted the notice of savans, 
among whom was the celebrated Dr. Birkbeck, 
Physician, Philanthropist, Professor of Philo- 
sophy in the Andersonian Institute, Glasgow, 
and President of the London Mechanics Li- 
stitute, at whose instance he (Mr. Mac Dowall) 
came to London, in or prior to the year 1836, 
and first resided, we believe, in Church-street, 
Kensington. 

Writing to him on this subject in October, 
1836, Dr. Birkbeck says: — *'It aflfbrds me 
great pleasure to state to you my very 
favourable opinion, both of the principle and 
action of your helix lever clocks . Two of 
th^'.m I have now tried for several years, and 
they have moved with so much precision, 
although unprovided with any compensation, 
as nearly to approach the accuracy of a good 

« Formerly bo called. 



chronometer and regulator with which I 
have compared them. Indeed, the larger 
clock, notwithstanding the inconvenience of 
having for its maintaining power a spring 
wound up only once a month, has delighted 
me by its great precision, and it certainly far 
exceeds any clock which I have seen of the 
ordinary construction; indeed, this might bo 
expected by anyone who will carefully attend 
to the mode in which motion is transmitted, 
the unvarying equality of pressure, and the 
continued preservation of a straight line, of 
the importMit line of centres. I have little 
doubt that this mode of gearing, if well 
executed, would be found the most advan- 
tageous for large machines; for small ones, 
such as clocks, the superiority cannot be 
questioned. The action of the wheel and 
pinion, with all the mechanical refinement 
that has, as yet, been expended upon the tooth 
of the one and the leaves of the other is still 
most variable and irregular. 

**Ithas been my intention for some time 
past to call upon you at Kensington ; pro- 
fessional and other unavoidable engagements 
have hitherto prevented me, but I hope ere 
long to have the pleasure of inspecting your 
ingenious movements in your own work- 
shop." ♦ 

A clock of this description, bearing the 
name *'Chas. McDowall, St. John's, Wake- 
field, No. — ," is in the possession of the 
writer's father, and has long been going to a 
rate equally close with the instance just men- 
tioned. Although constructed some forty 
years since it apparently shows no signs of 
deterioration : proving, beyond all doubt, the 
truth of the inventor's argument. 

Mr. MacDowall should here be mentioned 
as also the inventor of the '* Helix Lever 
Watch," and " Helix Lever Escape," which 
has been styled the "ne plus ultra of Horology." 
Foremost, perhaps, amongst those who 
interested themselves in Mr. MacDowall and- 
his productions was H.R.H. the late Duke o£ 
Sussex (brother of George IV.), who has bee 
described as ** a patron of the horologic 
art." Mr. MacDowall, we are told, enjoy 
the entire confidence and esteem of the Duke 
and always attended his conversaziones b 
special request ; his special employment bein 
to explain inventions and improvements, an 
to enter into discussion with the savans ther^? 
assembled. 

An interesting story is told how that on 
the occasion of one of Mr. MacDowall' s visits 
to Kensington Palace, on an interview with 
the Duke, Princess Victoria (Her Majesty) 
was playing in the room when her uncle 

* Copied from the original letter verbatim e| 
liUrcAxm, 
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(the Duke) called lier by a familiar name to 
come and see some curious piece of mechanism 
which Mr. M acDowall was exhibiting. She 
accordingly ran up and, in childlike innocence, 
expressed ner admiration, but speedily returned 
to her more congenial amusements. 

In the year 1839, Mr. MacDowall resided 
in St. James' s-street, Pall Mall ; from thence 
he removed to Victoria-road, Pimlico, where 
he remained some three or four years at least, 
possibly longer, for here for a time we lose 
eight of him. 

On the 15th day of August, 1847, he 
married, at the church of St. Clement Danes, 
Strand, Mary, eldest daughter of the late 
Bichard Wilson, Esq., of Birchington, Isle 
ofThanet, Kent, who survives him, without 
issue. 

In the year 1848 we find him in Hyde- 
street, Bloomsbury. Here, in 1851, he 
patented his ** single-pin escapement,'' which 
was exhibited in the great International 
Exhibition of that year, and for which the 
council medal was at first awarded him, 
although, by reason of some alteration in 
the decision of the jurors, he finally received 
the bronze medal. This escapement is in- 
tended as a substitute for Graham's '' dead- 
beat" and also for the common ''recoil" 
escapement. In the place of a scapewheel, 
usually employed, it has a small disc, with a 
single ruby pin set in it, very near the arbor ; 
the disc makes half a revolution at every beat 
of the x)endulum, and the pallets are formed 
in a flat steel arm, which may be the crutch 
of the }>endulum, or they may be arranged in 
the pendulum rod itself. The impulse is 
given chiefly by direct action across the line 
of centres : the action being thereby smooth 
and easy. The whole escapement, moreover, 
has the advantage of being easily made. Mr. 
MacDowall's priority in the matter of this 
invention has been questioned on more than 
one occasion, but we may confldently assert 
that no attempt of the kind ever yet appears 
to have equalled it either in England or 
France, botib of which countries are mentioned 
as having before possessed it in some form or 
other, differing, however, in this respect, 
that a roller is said to have been used, instead 
of a fixed pin, which occasioned shake and 
much uncertainty, besides which the pen- 
dulum had a much larger arc of vibration. 
Be this as it may, it is satisfactory to know 
that the French attribute the invention to 
him,* while the jurors of our own Inter- 
national Exhibition in their decision agreed, 
that it combined in a high degree the 

• ** Sncyolop^die Boret.'' ** Horloffer," p. 188. 
Sd^tppmrnmi-qringU de M, MaeDtmald" — evidently 
••lUeDowaQ." 



several qualities which they were directed 
to regard in their distribution of prizes, viz., 
simplicity, cheapness, and, at least, probable 
accuracy of performance. This escapement 
has been very successfully applied to pocket 
watches, one of which came under the writer's 
notice some time since as having been pur- 
chased in Paris, and afterwards, by chance, 
shown to Mr. MacDowall, in London, who 
somewhat astonished the owner by tellinghim 
that it was his own invention. During its 
repair he caused his name to be engraved 
upon it as "inventor and patentee." The 
patent was purchased by Mr. E. J. Dent, who, 
notwithstanding its simplicity, and the know- 
ledge he must have had of its performance, 
appears to have made but little use of it, 
probably for the reason assigned to the writer 
by Mr. MacDowall, who once stated that, on 
questioning Mr. Dent as to why he did not 
use it, he (Mr. Dent), pointing to a case of 
watches, replied, *'What am I to do with 
these?" 

There is reason for believing that to Charles 
MacDowall falls some of the credit attaching 
to the invention of the '* three-legged gravity 
escapement," although by no means the whole 
of it. Nor did he claim it. It would appear 
that his share lay in the arrangement of the 
' legs ' which were somewhat curiously styled 
by him, the *' Isle of Man." A life size por- 
trait in oils, in the possession of his widow, 
represents him as standing by a table upon 
which, at his left side, is seen a small four 
dial clock, the pallet lever and balance staff 
of his single pin escapement, and that portion 
of the " gravity escapement" already men- 
tioned. 

Among other matters Charles MacDowall 
claimed, as one of his productions, that very 
useful instrument, the '* spiral drill." His 
claim, however, in this direction, has been 
rightly disputed. We are, nevertheless, right 
in assuming that, so far as his knowledge was 
concerned, the matter was original. The 
drill, moreover, as produced by him was the 
first, of which we have any knowledge, in 
metal having been made of twisted pinion 
wire, in the place of wood which had been 
previously used, and was a result of certain 
considerations on his " gravitating time piece" 
which preceeded it ; affording us, thereby, an 
unquestionable right in this belief. He had, 
doubtless, like many another, trodden on 
what to hiin was new ground inasmuch as, by 
the direction he had taken, he discerned not 
the footprints of another, — 

If there is nothing new — but that which is 
Hath been before — how are our brains begoil'd, 

Which, laboring for invention, bear amist 
The fieoond biucthioiii oi «k lon&st ObSi^u 
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But, althoaghy in this instance y we are com- 
pelled to speak of Charles MacDowall only 
aaa rc-inventor, there are matters yet to be con- 
sidered, in relation to the subject, which have 
brought to him scarcely less honour than that 
attaching to his predecessor. The spiral drill 
in his hands became an instrument adapted ! 
to even greater use than that of piercing 
metals. By placing a rose drill on the cxtre- i 
mity of, and at right angles to the thread, he \ 
adapted it to purposes of dentistry. He 
further suggested its use in an important mat- | 
ter in surgery. He also designed an instru- 
ment for the removal of bone from a fractured ! 
skull, such, however, as, in the opinion of 
ths late Sir Benjamin Brodie, Bart., could 
only be entrusted in the hands of a most careful 
practitioner. Of the time, and place, in which 
he carried out these ideas we have no infor- 
mation. 

It is beyond our present purpose to give 
anything like a detailed description of those 
labors which have brought such lasting honor 
to, more especially the science of horology. 
We shall prefer to treat of such of them as 
may be authentically described on a future 
occasion, directing our attention for the pre- 
sent to the author of them. 

In the year 1858, at the advanced age of 
sixhr-eight years, we first trace our departed | 
confrere as residing in Jermyn Street, St. I 
James's, where he spent the remaining years | 
of his life. Here, with eye undimmed and • 
natural force unabated, he continued faithful ! 
to the last in his loyalty to the truth. Al- • 
though in comfortable circumstances his hap- 1 
piness rarely, if indeed ever, consisted in; 
them. He had sometimes been questioned as 
to why he did not give up and spend the 
remainder of his life in rest and retirement, 
to which he replied : — "I cannot leave the 
bench," or, *^ I'll think about it." He had 
no part or lot in that order of men who live 
and act as though the accumulation of wealth 
were the end and object of existence. Rather 
did he appear to follow th^it voice which said 
to him *' "Wisdom is the principal thing; 
therefore get wisdom : and with all thy get- 
ting get understanding. For the merchandize 
of it is better than the merchandize of silver, 
and the gain thereof than fine gold." 

But, much as we have said of him, Charles 
MacDowall was not without some of those 
littlenesses which go to make up the sum of 
human imperfection, but even these were so 
transparent and childlike, when contrasted 
with the goodness of his heart, that we well 
nigh loose sight of them in our estimation of 
him. One circumstance occurs to us worth 
mention, if only to show the realitv of Ids 
character. It happened some time since that 



a watchmaker had experienced some difficulty 
in the construction, or going, of a clock in 
which he had adopted the ** gravity escape- 
ment," whereupon he called upon Mr. 
MacDowall soliciting his assistance, and the 
benefit of his experience, in the matter. Mr. 
MacDowall had, however, by some means 
been upset and answered his applicant some- 
what sharply, telling him that he (the 
applicant) might as well put his hands in his 
(Mr. MacDowall's) pocket and take his money 
as to come to him under such circumstances, 
and requested him to leave the shop, upon 
which the applicant, with a ** good morning," 
turned to do so. But there was something 
in the character of Charles MacDowall which 
did not permit this. Calling him back he said 
to him in a more kindly tone, ** There, what 
is it you do want ?" nor did he allow him to 
depart until he was persuaded that he had 
made him master of his difficulty. 

Charles MacDowall was a close, indeed a rove- 
rent obser^'cr of nature. Irreverence, in others, 
whether in matters of nature or revelation, 
displeased him. **The starry heavens and 
the sense of moral responsibility in man "* 
were alike to him subjects for wonderment 
and awe. 

Of the depth of his religion it does not, 
perhaps, become us here to speak ; we would 
rather describe him as one who did not talk, 
but lived Christianity. Whether in conver- 
sation about his inventions, which were 
described with an int^^nsity of interest such 
must often have excited wonderment on the 
part of his hearers, or on the aifairs of eveiy 
day life, it was impossible not to feel his 
influence, and,to use the language of a modem 
writer, ** all that was best in one's nature 
rising to the surface." Although he had 
long since passed the allotted span of man's 
existence, he had, up to within a short time 
of his death, enjoyed an almost uninterrupted 
health. During the latter part of the year 
1871 he was suffbring, says his medical 
adviser, from Angina Pectoris^ from which he 
apparently recovered. It was not until tlic 
night of Saturday, the twenty-sixth day of 
October, of last year, and not yet twelve 
months since, that he was finally taken ill. He 
had put away his watches, as was his custom, 
and was sitting by himself in his half closed 
shop reading the days' news when he suddenly 
fell from his stool insensible. He was re- 
moved to an adjoining room, medical assist- 
ance was immediately procured, but at an 
early hour on the following (Sunday) morn- 
ing, October 27th, ere yet the '* day of rest'' 

♦ "Two things," said Immanuel Kant, "fill me 
with awe : the starry heavens, and the sense of moral 
responBlbility in man." 
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had scarcely dawned, his spirit passed beyond 
our earthly horizon. On the following Satur- 
day his remains were deposited in their last 
resting-place in the little village churchyard 
of Birclungton, Kent. 

Some idea of his real worth and the esti- 
mation in which he was held by those who 
best know him may bo gathered from the 
following letter, addressed to his widow a 
few days after his death, by one who had 
long enjoyed the privilege of his acquaint- 
ance : — 

14, Blomfield Terrace, W., 
1 November, '72. 
DzAB Mbs. MaoDowall, 

It was not until last erening that I learnt 
of the death of mj dear old friend, bo I hasten to 
aware you of the sympathy I feel for you in having 
to bear such great sorrow and trouble. I feel that I 
haye lost one of my oldest and best friends, and it 
makes me sad indeed when I think I shall see his 
face no mure. Once more let me assure you of the 
sorrow I feel at your terrible bereavement, and 
believe me to be 

Yours faithfully, 

Gboboe Bbodiv. 

But although he has left scenes once 
brightened by his ever-welcome presence, he 
still lives in the hearts and memories of all 
who knew him ; lives by the example he has 
left us; lives in the truths which he has 
taught us. AVhether, like young iterschel 
and his little band of college companions, he 
started in life with the noble vow and reso- 
lution that ** he would leave the world bettor 
than he found it," wo know not : this we do 
know, he has undoubtedly accomplished it. 

" The evil which men do," says our great 
dramatist, "lives after them, the good is oft 
interred with their honest May it be other- 
wise in the life we have now considered. 
May the example that Charles MacDowall 
has left us become amongst us a living 
influence, arousing in many a student and 
worker in science a spirit of noble enthusiasm, 
not least amongst those who follow that 
Bcience to which his life was specially con- 
secrated. 

Truly,— 

Liyes of great men all remind us 
We can make our lives sublime, 

And, departing, leave hchind us 
Footprints on the sands of time ; — 

Footprints, that perhaps another, 
Sailing o'er life's solemn main, 

A forlorn and shipwrecked brother 
Seeing, shall take heart again. 

Let us, then, be up and doing. 

With a heart for any fate ; 
Still achieving, still pursuing, 

Learn to labour and to wait. 

JOHN JAMES HALL. 



HETHOL OF FBOSTIN& STEEL £E7LESS 

¥OEK 

As there are very few watchmakers in Eng- 
land who can produce the fine frosted surface 
to steelwork such as is found in Geneva key- 
less wheels, and as I know many good work- 
men who have lost much time over it and yet 
failed to get a satisfactory surface ; I think a 
few remarks on the process will be welcomed 
by the readers of the Horological Journal. 

JFinish the surface to be frosted perfectly 
free from scratches. On a piece of perfectly 
clean plate glass with a ground surface, crush 
a bit of clean Levant oilstone to a fine powder 
and mix with a little clean* sweet oil to a 
thickish paste. Kow comes the part of the 
operation, the omission of which is often the 
cause of failure. With a strong magnifying 
glass very carefully search for and remove aU 
black atoms from the oilstone dust, for if any 
of these atoms are left they will inevitably 
scratch the work. Now, with a steady heavy 
pressure upon the work move it on the glass 
slab, not describing circles, but with as short 
a backward and forwai'd motion as it is possible 
to give, continually shifting the peg or other 
tool with which you hold it and keeping a fair 
supply of the oilstone dust between the work 
and the glass. When sufficiently rubbed, well 
wash the work in hot water and clean with 
soap and a soft brush, rinse it in spirits of 
wine, wipe it vdih a clean rag and i-ub with 
rotten, or, as sometimes called, toucliwood. 
To finish the work it must be further rubbed 
in a circular direction with pitli. 

A little practice will, if the foregoing 
directions are adhered to, ensure success. 

If, after completing the operation, the 
desired surface is not attained, the whole 
must be repeated ; but from beginning to end 
care must be taken to have everything per- 
fectly clean. 

W. G. SCHOOF. 



Theoe was received at Melbourne in the 
year 1871 jewellery valued at £22,496, of 
which £9,950 had to pay an import of 12^ 
per cent., and £12,546 of 20 per cent. 

Vienna Exhibition. — TYicDiphmaof Honour 
of tJie Universal Exhihitioii of 1873 in Vienna 
has been awarded to Mr. V. Kullberg for his 
exhibits in Class XIV. Mr. Kullberg is the 
only recipient of this prize in Class XIV., 
which includes mathematical and astronomical 
instruments, horological instruments, and sur- 
gical instruments. It is very satisfactory that 
this particular distinction, which is awarded 
by the President's Council on the recom- 
mendation of one of the Group Juries, has 
been secured to a representative of English 
horology. 
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(From an Esteemed Correspondent) 

Thb prevailing feature of the horological 
deparhnent is certainly the number of Vienna 
and German domestic clocks. The Exhibition 
literally swarms with them, some with seconds 
mercunal pendulums and most elaborate 
cases, the cases of some costing as much as a 
good English regulator. 

Ornamentation seems to be carried almost 
too far; it would be preferable if the 
amount of work lavished on ornamentation 
had been employed to make them exquisite 
timekeepers. The North Germans show a 
couple of fine regulators, which for workman- 
ship can comx)ete with anything that is made. 
In the exhibition grounds a small house is 
exclusively devoted to the progressive history 
of Black Forest clockmaking, beginning with 
the very earliest clocks having a verge escape- 
ment, a horozontal balance or rather a bar 
with weights suspended at the ends evidently 
for correcting long and short vibrations, and 
ending with the modem styles now prevailing, 
having the appearance of Yionna and French 
clocks. 

The French also show plenty of clocks 
which,allbeingomamental, have no pretensions 
to timekeeping qualities. A clock having a free 
pendulum swinging over the movement and 
apparently free of it is exhibited. The pen- 
dulum is held by a figure standing on the 
case. The base supporting the figure 
stands freely on a pivot and is made to 
rock to and fro imperceptibly by a series of 
levers, which also serve as an escapement. 
Apart from its ingenuity, it has nothing to 
recommend it, and must be considered a mere 
toy. 

The French section of the horological depart- 
ment was not in a very complete state when I 
visited the Exhibition , one of the horological 
schools was just unpacking, and Breguet and 
one or two other noted French manvJacturers 
had not then put in an appearance. 

In watches the Swiss are particularly 
strong, being one of the chief industries of 
that isolated little republic. The workman- 
ship of their fine watches is bordering on 
peifection, and the Swiss are certainly using 
every means in their power to extend their 
market to all parts of the world ; and so far 
have they arrived that if the English watch- 
makers do not soon combine it may be too late 
to interfere. It is curious, however, to see 
how they adopt everything connected with 
timekeeping from the English. Kot long ago 
it was the fashion amongst Swiss watch- 
'^18 to have very long levers, so that the 



pallet-arbors could free the balance. This is 
now quite reversed. Their levers are now 
made even shorter than the English and much 
lighter to boot. 

Formerly their balance springs were bent 
in a way peculiarly their own ; now they bend 
their springs also like the English, but, in 
order to make them appear modem and to be 
superior to their old formidable rivals, they 
call them *' Phillips' springs." 

One mistake, however, the Swiss make, 
and that is that for their fine watches they do 
not use the fusee ; it is saving a few shillings 
at the foundation, in order to be compell^, 
so to say, to waste pounds at the finish. But 
I suppose it is in order to show some differ- 
ence to the English, and they have thereby 
more room to display their ingenuity in the 
arrangement of their cocks and bars, which 
seems a most important part of Swiss watch- 
making. Let it not for a moment be under- 
stood that the writer of this is oblivious of 
the advantage of work which pleases the eye 
and induces customers to buy ; but beauty 
may be carried too far, reminding one of the tale 
about the man who carved his bow so much 
as to cause it to break in the setting up. For 
cheap ordinary watches, however, the going 
barrel is quite good enough, and, being often 
in the jobber's hands, are much preferred by- 
some watchmakers. There is one important 
point in which the Swiss have the advantage 
of the English, and even that is of English 
origin. They have observatories in Geneva 
and Neufchatel where the watches of a supe- 
rior kind are tried somewhat similar to the 
way the chronometers are tried at Green- 
wich, only their trials last as many weeks 
as the English trial lasts months, and 
through this competition between the 
two observatories (Geneva and Neufchatel) 
they have managed to get marvellous rates, 
the one observatory always (as I am informed) 
striving to show finer rates than the other, 
though the town that contains the best makers 
seems to turn out the less perfect rates. The 
Swiss study at their observatories to make the 
rates look as fine as possible, whilst at Green- 
wich the rates are shown without any polish, 
simply plain facts. This gives the Greenwich 
rates an advantage over all other rates ; they 
show the tmth and nothing but the truth. 
No fair comparison of the going of the best 
English fusee work and the finest watches of 
Swiss manufacture can be made except 
through some arrangement between the Swiss 
and the English to have their watches tried at 
the same time and under precisely the same 
circumstances. 

Some such arrangement would, I believe, 
be productive of much good, and I trust that 
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the Journal and Institute will be the meana of 
tnaking the English and Swiss mannfacturcrs 
nlivc on this point. Let them set the example 
and show that ■watch mat era can he real "In- 
ternationalists," working together for the pro- 
grets of our art. 

The English exhibitors «how prineipally 
chronometers, and are, undoubtedly, without 
rivala in that hranch. Watches are also shown, 
certainly as fine as any country can produce, 
Int in numbers not nearly so numerous as the 
Swiss. Chronometers are exhibited by French, 
Oemnui, Daniah, Butch, and Russian makers, 
the Russian chronometers being kept going 
by electricity. No turret clocka or regulators 
ore exhibited by England. 

I was rather struck with the fact that, 
although so many large watch factories flourish 
in America, there were no exhibitors of 
watchca from that great country. 

The AmericauB have some of their well- 
known cheap clocks. Tho Germans also 
show clocks on tho same principle as the 
Americans, and it requires some study 
to sec tho difference. With most German ex- 
hibitors of turret clocks an escapement is 
used for giving the impulse once orery minute, 
Bome with force constant and some not. Tho 
Dntth seem to have the finest turret clock in 
the Exhibition, although not the largest. 



ON THE PKOPER SHAPE OP THE TTJSEB. 
The qnestion baring arisen a few weeks back 
OB to the proper iihn])e of a Fusee, I was led 
to look into the matter. 

All the books I consulted on the subject 
stated that as the strength of a spring in 
or decreases uniformly as it is wound 
wound the correct form of a fusee 
hyperbola ; but this iu practice appears to bo 
untrue, which I will endeavour to show. 

For this purpose, let us assume a barrel, 
OS in Fig. I, which is to take say four coils 
of gut and that one turn of the spring 
necessary to be taken for set up to give 
preliminary tension to the spring. This set 
up is indicated by dotted lines to the extreme 
left. 

Admitting that the force of a apring varies 
M the tension, wc will suppose that one turn 
ofthc spring gives a strain of say 21bs. 
tho gut ; two turns will give 4lb3. ; thus at 
the commencement of the gut coil there will 
be 21bs. strain, and at the end of the first 
pit coil there will bo 41bs. strain, and 
ai shown, till at tho end of the fourth coil 
of gut and of the fifth turn of the spriu] 
there wiU bo lOlbs. strain. 

Now, let us Dupposc that a fuace with a 
ndiiu o£ 12 at tha large end is to be used, 



as in Fig. 2, it is monifcst that I2x21ba.=24 
will be the straiu in units of tho fusee at 
starting to wind up tho spring ; it is evident, 
therefore, that at tho end of tho first or 
beginning of the second gut coil that 6 must 
bo the rad. of tho fusee, for 6x-l=24, and 
I till the laat coil, which must bo 2'4 rad. 
for 2-4X lOlbs. gives 24 as at atorting. 





This curve, shown in Fig. 2, is an hyper- 
bola, uid is generally giv«a ob ttui ttKAn^l 
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fann of a fusee. This would bo true if the 
conncctioD between the barrel and fuace were 
made hy an endless band or gat which passed 
half round the barrel and half round the 
fusee, thia band being shifted endways as 
the power of the spring required that the 
fcircG should be made to act at a shorter or 
lcinK»r radius, tlma (sec sketch) : — 




But us, in practice, a lijjo is used which 
coils on to, or uncoils from the barrel, from or 
on to the fusee, this hyperbola shown in 
Fig. 2, must be modified, because it is evident, 
although the curve obtained gives the right 
leverages to get a constant relative strain on 
the arbor, the spaces being equal and the 
radii varying, that a Bpiral cut upon this 
curve as a pitch tine would take different 
quantities of lino from the barrel, so these 
lateral distances must be varied inversely I 
with the mean radii of thsir respective spacoa, ■ 
as in Fig. 8, where it will bo seen that any ; 
rod. multiplied by its width will bo equal to 
any other rad. multiplcd by its width, so that 
from rad. to rad. would contain equal quan- 
titicH of gut. 

It appears, to reduce this to practice 
(suppose it were wished to dispense with the 
odjusting rod), it would bo necessary to 
decide how many turns of the spring were 
to bo used before the barrel came into play 
(i.e. set up), next to decide how many turns 
of barrel and spring were to be used, then to 
act out from those data curves, as in Figs. 
2 and 3, then decide the mean diameter the 
fiisee is to he, and settling what distanoo the 
coils of gut should be apart, would give tlic 
length of the curve, which muat he constructed 
proportional to the one shown by Fig. 3. 

The length of gut obtained by multiplying 
the circumference of the barrel by the number 
of coils, and divided by the mean diameter of 
fliefusoe curve, would give tho number of colli 
on the curve, which, multiplied by the width 
apart of the grooves, would give the length 
of liiQ fnsce. 

It must be borne in mind tiiat if a weaker 

spring bo used than the imaginary sno taken, 

that requires IJ turns instead of 



will bo required three tuma of the spring 
in.stcad of two to double the strain on the 
fusee, and, therefore, the rad., which ,is 
represented in Fig. 3 by rad. 6, will be placed 
further to the right, as the fusee, instead of 
receiving one eoil of gut from the barrel 
between rad. 12 and rad. G, will have to 
receive 1^ coils, and similarly between rad. 
6 and rad. 4 1} coils would have to be got 
on the fusco, which places rad. 4 further to. 
the right again ; in fact, the set up of tho 
spring forms the baso of the calculation, so 
that although tho curve of a fusee, if a band 
were used, would still he an hyperbola, yet 
the fusee in practice would he flatter than 
■' e one shown in Fig. 2. 

But tho foregoing is based on the assump- 
tion seldom or never occurring in practice, 
.e., that all the coils of tho spring are free 
to exert their force from the commenecment 
to tho I'll il of its motion thus; but suppose, 
as is frequently the 
ase with a spring 
aving say nine coils, 
hat when the initial 
en si on is given five 
oils are free and tho 
emaining four coils 
^re close against tho 
inside of the barrel 
thus. Whenthespring 
is being wound up we 
have first one of five 
to deal with, 




ther 



10 of si 



ight, and, lastly, nine 

]ils, BO that instead 

of the 2, 4, (i, H, lOlbs. strain on the gut. 

as shown by Fig. 1. we should probably get 

something like 2x1 =2 lbs. strain to deal 

/ 2 X 2 X ;=3i Jha. ■ withtolorm 

I 2x3xl=4flb3. Fig. 2; thia 

|2x4xi=5 lbs. I would again 

*■ 2 x5 X i=53 lbs. / require to 

bo modified as before into Fig, 3, 

From what has been said it appears that a 
fusee once cut to suit a particular spring is 
unsuitad for springs of diff'crent strengths, 
although it is possible by shortening, length- 
ening, or setting up the springs to reduce tho 
error to a minimum. E. PEEEETT. 



PaoDCCTios OF Gold is Finlisd. — During 

1 last autumn there were no less than seventeen 

companies engaged in extracting gold from 

. tho auriferous sand of Finland. The alluvial 

deposits at Toalo are said to be extremely 

■ rich in gold, the total production last season 

, being estimated at from 50,000 to 60,000 

J grammes, representing a total value of 60,000 

tuin to give tho desired set up, then there TCubles (9,600). 
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TEIAI OF THE "PYX." 

On Thursday, July 17th, in the Goldsmiths' 
Hall, there was held what is called a '* trial 
of the Pyx." It simply means an examina- 
tion and an ''assay" of the moneys which 
have been coined in the past year at the Mint 
from samples taken hap-hazard from the dif- 
ferent specimens thrown into the Pyx, or box. 
The custom of thus testing coins arose, it is 
said, as far back as the reign of Henry II., 
when, failing other resources, it was not an 
infrequent habit to so debase tlvs coinage as to 
issue £50,000 in silyer marks so intermingled 
with tin and other alloys as only to represent 
about half the nominal value in metal. 

Each day's work at the Mint is called 
a "journey," a mere corruption of the Nor- 
man term for a day's labour. From each 
"journey," whether of silver or gold, a cer- 
tain number of coins are put into an envelope, 
sealed with the seals of three different offi- 
cials, and deposited in the Pyx for the day, 
which is again sealed with three seals, and all 
kept in the vaults tiU the trial of the Pyx 
commences. This trial used until the last two 
or three years to be made at Westminster, 
and only about once in five or seven years. 
2fow it has been made annual, and the trial is 
held at the Goldsmiths' Hall, as being more 
convenient for the purpose. The wardens of 
the Goldsmiths' Company superintend the 
operation of the assay^ and a regularly con- 
stituted jury of twelve gentlemen are swoln 
in to give their verdict. The jury are entirely 
composed of craftsmen of the guild of gold- 
smiths, bullion dealers, silversmiths, &c., gen- 
tlemen who are accustomed every day to test 
xmd value the assay of precious metals, both 
\)j weight and purity, by acid, and by fire. 
In the last year there were coined by "the 
Hight Hon. Robert Lowe, Master and Worker 
f)f her Majesty's Mint," 5,809,680 ounces of 
silver coins. The smallest coinage was of 
1,440 ounces on December the 18th of last 
year — ^thc largest, 72,000 ounces, on January 
the 16th of this year. The total value of the 
silver coinage was £1,597,662. Of the sam- 
ples of this mintage sent into the numbered 
pyxes in each day's working there were 4,481 
florins, 2,739 shillings, 650 sixpences, two 
fourpenny pieces, 200 threepenny pioces, two 
twopenny pieces, six penny pieces — in all to 
the value of £603 17s. 6d. Collectors of 
coins will observe that the number of four- 
penny pieces now struck is almost nil. In 
fact, it is not the intention of the Mint to 
issue any more of them. It is the same with 
half-crowns, not one of which has been struck 
daring tha past year ; and it has been the 
same with fivc^shilling pieces during the last 
two years. As a matter of fact, only about 



4,000 of these crown pieces are struck each 
year, and they go entirely to the Falkland 
Islands, where the whalers in the South Seas 
winter, and where this is the only coin which 
passes current, just as only the Maria Theresa 
dollars will be accepted in the Persian Gulf 
or along the shores of the Red Sea. The Pyx 
of the gold coinage represented specimens in 
all amounting to £14,313. This was taken 
by chance from an aggregate coinage of 
2,900,000ozs. — for it is needless to give the 
mere decimals. It represented a total value 
in coinage of nearly eleven millions and a half 
sterling. The largest amount coined during 
the past year was 72,000oz8. of gold on the 
27th July : the smallest on the 26th of last 
June, when only 5,221ozs. were struck. The 
number of half-sovereigns issued from the 
Mint is not more than 25 per cent, of the 
coinage — in fact, the Mint seems to discourage 
as much as possible the issue of anything but 
their own favourite coins — the florin, the 
shilling, and the sixpence, It is a popiilar 
fallacy to suppose that the Mint is bound to 
coin for any one. By law it is not bound to 
coin silver at all. Gold it must take, and 
issue to the depositor the gold he lodges with 
them, in its weight in sovereigns. This custom, 
however, has sunk into disuetude, for the 
Mint buys its bullion according to its price in 
the market, where it varies like any other 
commercial commodity — as coals or corn. The 
last depositor — or, we might say, intending 
depositor — was the late Mr. Peabody, who 
sent £200,000 in ingots to the Mint, wishing 
them to be returned in sovereigns. It was, 
however, explained to him that he would 
make a much better bargain with the bullion 
dealers when the price of gold rose ; and to 
this advice he listened, and prudently took his 
ingots away. 

Thursday, in the inner court of the Gold- 
smiths' HaJl, there was the usual jury sworn, 
as we have already mentioned, and the work 
went on as quietly as it does in the ordinary 
inner parlour of a bank. There were a cer- 
tain number of the jurymen who counted the 
coins by tale, who verified on a certificate the 
contents and dates of each packet taken from 
the pyx, as the seal was broken and its con- 
tents numbered. It was a very silent and a 
very dreary operation to see them counting 
out, hour after hour, mere envelopes of silver 
or gold as the case might be, and sending them 
out into the next room, which was only di- 
vided from their own by a glass screen, to be 
weighed in the carefully-adjusted scales, which 
will turn at such a decimal of a grain as wo 
almost fear to mention in case of a mistake. 
It was curious to see the weighing-room, where 
everything was carried on. -^itk ^ ^^kssaRR^ 
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that might have become a fimoral. In no 
case iraa the gold found deficient in its staji- 
dardweight — nor was the BilTcr. The huUion, 
however, had to ro through more processes 
thou mere counting and weighing. From 
each package of gold a certain numhcr of 
eoTcreigns was selected, mingled together, 
melted, and then assayed. But the rcsnlt 
was always the some. With some Inficitcsimal 
deviations, they came out pretty much all 
alike, and all far within the limit of the 
" Master's remedy," In fact, except by che- 
mical analysis, nothing could be detected but 
standard gold. The silver was more severely 
tried. It was weighed, melted, and tested 
with acida till the result, on the whole, 
ahowcd that, if anything, it was rather above 
than below the Btandard which the Mint re- 
quires. The teat with acids, nitric and mu- 
riatic, is with silver far more seij^hing than 
any which is applied to gold, for the simple 
reason that an excess of alloy can be at once 
discoTered in gold, whereas it is not so easily 
discernible in the less valuable metal. At the 
end of the day's labours, when all the money 
had passed through inspection hy tale, by 
weight, by fire, and by test, the output of 
the Mint was pronounced perfect by the jury, 
and in the evening, after their labours, they 
dined rery amicably and even sumptuously 
together at the Goldsmiths' HuU.— From The 
Standard. 
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Sill,' — If your correspondent who signs him- 
self " Clerkenwell," (page 157, August, 1873) 
refers, as I presume, to agoing barrel watch, 
I quite agree with him, and have often thought 
the same thing quite possible myself; but I 
think if the ratchet teeth are a little undercut, 
or the ratchet itself (if not made in one piece 
with the arbor) is just a little loose on the 
square, the fault could not occur, csceptwhile 
the arbor is held wound tight up by the person 
winding it, that is lis much as to say, unloss it 
is done purposely. You cannot wind a watch 
up quite tight, ijf it is made as I suggest, for if 
the point of clit^k drops in the wheel exactly 
when tho watch is tight up, if the teeth are 
undercut it will run back a little when the 
winding power is removed ; and if the ratchet 
is alittlo loose on the square, the same thing 
will occur of necessity, so that in this case a 
flight imperfection in the workmanship ma'^ 
be aa advantage rather than a defect. 



By the way, docs not the same defect exist 
in French clocks, and also in English weight 
clocks, only in a different manner ? But 1 do 
not think that it would so much affect the rat« 
of the latter. 

If you wind an English weight clock with 
catgut lines quite tight up, the elasticity of 
the lines will act as a spring for a time, and 
greatly increase the power. I don't know 
whether stop-work is usually applied to all good 
regulators, but I fitted it to a new dead-heat 
movement I had made to answer for a regula- 
tor for myself for that very reason, and find it 
answers well. I have also found it an advan- 
tage to fit a bevel wheel to the winding square 
of regulator, and another on separate arbor to 
run in it at right angles, with a square on end, 
so as to wind the regulator tJiroughthe side of 
ease instead of opening the glass and running 
the risk of disturbing the hands. Besides, the 
hands are never in the way of the winding- 
hole. 



I heg leave to submit to you what I thought 
perhaps a slight improvement on Mr. Sehoof b 
plan for replacing broken cylinder. Perhaps 
I ought rather to say a slight variation of his 
plan, as I am no great authority in cylinder 

Having a Geneva cylin- 
der to fit in, I made a 
piece of brass something 
like the rough sketch 
sent, though the shape 
must depend partly on 
the shape of the sink 
where it is to he used. 
To avoid the trouble of turning the bottom 
of cylinder, for the purpose of obtaining the 
right height of slit, &c., I fitted a screw into 
the temporary cock with a chamfer or coun- 
tersink in the end, and placing the extreme 
end of cylinder arbor in it, I adjusted it to the 
exact height required, then turned shoulders, 
fitt-ed balance, &c., and to get the exact length 
for top pivot, instead of a gunge, I passed the 
end through one of the screw holes in top cock, 
which can he done when the bottom cock is off. 
If, as is mostly the case, the top cock is made 
to fit down tight on the top plate, you will 
have the right height by simply marking level 
with the top of cock through the screw hole. 
The only part, therefore, requiring measure- 
ment will be the length from top to bottom 
pivot, you can fit and try every other part bo- 
fore cutting off for bottom pivot. 

There would he no trouble in making several 
holes in the temporary cock to receive the 
screw in different places. 
Sundridge, £ent. J. VlfiGO. 
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Sib, — I have read " Clorkenwell's" letter in 
your Last with mucli interest, and I think a taw 
more ^rords may be said on the subject of key- 
leas watches. 

English going barrel watchcB, either keyless 
or not, UBually have a small barrel — so small 
that when a mainspring of sufficient force to 
obtain a moderately largo vibration ia put in, 
it will scarcely go 0Tcr4i tumtj, and as 4 turns 
are requisite for the stop work, there would be 
but half n turn left for the adjustment or 
Betting up, and often not even that. If, then, 
we put keyless winding to this barrel, it will 
require taorc force to wind when nearly up, 
than it did when lower down ; and, as the arc 
of vibration would increase considerably when 
wound, a Uttle extra force would cause the 
striking of bankings " Clerkenwell" speaks of, 
as the wearer would naturally push border in 
order to wiud to the full, and some English 
barrel keyless work does require considerable 
force to reach the stop. I think if English 
makers could arrange their train work so as to 
allow for a larger barrel, they would obtain far 
more satisfactory results. 

A Swiss barrel, with its 1^ or 2 turns of 
■pring to spare, gives a good vibration to the 
last, has a more regular winding, and will not 
strike the bankings easily. 

There can be no doubt as to the superiority 
of the fusee, both for equality of vibrations 
»nd regularity of winding; but I find the 
miuataiuing power work requires more care- 
ful adjustment than in ordinary winders, as 
the watch will sometimes stop several seconds 
during winding, which would bo as serious an 
error in a good watch us that referred to by 
" Clerkenwell." 

An indicator to going barrels would be a 
boon, and I trust some of the skilled horologera 
Mnaectcd with the Institute will supply the 
want LEUAS. 



Sm Chaxles WttEATSToSE — to whom the 
lastitate is indebted for many services, and 
*li» bns just consented, at the request of 
]My Burdett-Coutts, to act as one of the 
iwlBea in our forthcoming Exhibition — 
'"* received from the French Society for the 
Knconragemcnt of National Industry for his 
^uied applications of electricity the groat 
■Mdal of AmpArc, which is awanlcd every 
"nh year for the most important application 
8t idence to industry. The former awards 
wa been made to do Lessops, the engineer 
rf the Suez Canal ; to Boussingault, for his 
"Warches on agriculture ; and to H. Stc.-Clniro 
Dcriile, for hia process for manufacturing 
•laminium. Sir Charles has also been elected . 
pHeign Associate for tho French Academy of 1 
BcitucM, Ta«Biit by the death of Baron Liebcg. ' 



"T W." — Duplex watches and chronometers 
art in beat wheii the. smallest possible angle of 
in/keli(m of Ike balance sets the waidi going- 
Bi tlie cas^- of a duplex watch, draw the mlana 
geiithj aside till the long tooth foMs into th» 
tiotch of the rdler, and on releasing the balance 
sudderJi/ the waiclt ought to go on. On being 
inflected the other waii, till tlU tooth leaves the 
pallfi, and let go, i/ie balance ought to have 
sti^icteni swing to taikck again, and, of course, 
continue to go. If the waich goes on one wai/- 
and not the other, the balance spring muri be 
shifted accordingly. In a tAronomder the 
testing points are when the tooth leaves the 
paSd on one side, and tlie Hrdoddng paUet gets 
free of its spring on the other. 

"A. Z." — Tour proposition for up and 
down work applicable to agoing barrel is, unless 
lae misunderstand U, not practicable, for the 
pinion upon the star piece would carry round 
the wlied upon the barrd arbor (and, therefore 
the index) at the same rale as the barrd, less 
the amount that the star niece moves on its axis, 
or, practicaSij, (Ite index, indead of momn^ 
through a portion of a circle only, would describe 
three or four revolutions. 

" W. E." — If the teeth of a Geneva barre, 
arbor are damaged a new arbor is iiecessarij , 
unless you wean to spoil the watcli. In order 
to recul the teeth, tJte arbor would have to be 
nofiencd, and to he properly recui a machine is 
required, ttien, if recut, the ratchet will be 
reduced in diameter, necessitating ilie letting in 
of the dick spring, by which the bar will probablg 
be left too weak. In repolisking, the pivots wui 
be reduced, and the time occupied woidd suffice 
to make a new arbor. 

To "M. I." — I frequently liave lever watches 
to repair f/tal have a rattling or dicliing souna 
in the escapement; this, I find, is generaUij 
owing to the roller-pin leaving tlie lever fork 
before tlie 'scape tooth has escaped from the 
sbped parts of Vie paJieta. If it catches on 
onepaUel only, I alter ii by shifting the pallet 
on lever ia the diredion reqtiired. but whm the 
dffeci is on both paBets, shoidd the roller be 
replaced for one with tlie ruby pin further from 
I'fa eeidre to obtain a larger angle, or should il 
be (dlered at tlie wheel and the pallets ? Wiai 
is the best loay of making those nicely-shaped 
conical staff' pivots f Are t/iey made with a 
tool for the purpose f And what is the best 
medium for poUshiiig same ? Also, wliat is 
usually meant by a balance vibrating a turn 
and a half ? Does U mean a cirde and a half, 
as a lever or ordinary escapetnent could iiol 
possibly swing much over 3G0° wHltout coming ■ 
in contact wm the lever, iv. ?— S. L. 
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THE Council have much pleasure in submitting to the Members the following Report 
as the result of the Students' work during the past Session : — 

REPORT OF THE CLASS EXAMINERS. 

September 12, 1873. 

TO THE COUNCII, OF THE BBITISn HOROLOGICAL INSTITUTE. 

GEKTLEinar, — As requested by you, we have examined the pupils in the Drawing 
Class, in order to ascertain those who are most worthy to receive the prizes proposed to 
be given to the successful candidates. 

Ve have now great pleasure in reporting that, of the class examined, five pupils are 
particularly worthy of notice. With the exception of the first two — Nelson and Glasgow — 
who are practically equal, the names follow in order of merit : — 



T. A. Nelson, ) j, j, ^^ g- g-^ ^^^ j ^ Walton. 
D. Glasgow, ) I o 7 



The prizes at our disposal being three, and being of unequal value, we, under the 
circumstance of Glasgow and Nelson being equal in merit, have considered it necessary 
to recommend that the Silver Medal of the Institute be awarded to each of these pupilf • 
That to Mills be given the Author's Edition of '* Grossmann*s Essay on the Lever Escape- 
ment," and to Hogan a DraAving Board and Square. Although to Walton we award no 
prize, we consider that he has made great and satisfactory progress, and bearing in mind 
t-bc short time he has been under instruction, we feel confident that at the next examina- 
tion he will take a higher place. 

The drawings exhibited by Glasgow and Nelson were of great merit, Glasgow in this 
f^lightly taking the lead. In answer to the questions in Mechanics bearing on Horology 
kelson took the lead, but it must be understood that little difierence in either drawing 
or mechanical knowledge exists between these pupils. 

Considering the nature of Mills' occupation, that of watch jewelling, his drawing and 
answers bear witness that he has not confined himself to the narrow bounds of a craft ; 
and, as regards Hogan, he made up his deficiency in knowledge by his great industry 
in producing drawings. 

Generally speaking, as regards the drawings exhibited, they bear ample testimony to the 
care which haa been bestowed on the class, and to the industry and intelligence of the 
pupils ; and, as regards the questions given to the pupils, although in some cases they were 
unanswered, on no occasion did we receive vague or unsatisfactory replies. 

"We can only say, in conclusion, that wo were much pleased with results of the 
examination, disclosing that at least in the case of two of the pupils a high standard had 
Wn reached. 

We are, Gentlemen, yours, &c,, 

G. W. >'RODSHAM. 
E. PEllKETT, 
(Signed) JOHN JAUES KK.\A», 
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THE LONDON JEWELLERS AND THE PLATE LICENCE. 

CONSIDEEABLE irritation has been felt by the retail jewellers of London at the recent 
proceedings of the authorities of Somerset Honse with reference to the Excise licence 
on gold and silver manufactured articles. Our readers will not need to be told that the 
licence is of two grades, the lower payment of £2 6s. per annum, allowing only of the 
sale of less than two ounces of gold or thirty ounces of silver ; but should either of these 
weights be exceeded the higher duty of £5 15s. becomes necessary. The higher grade 
licence has hitherto been taken out almost exclusively by the large manufacturing gold- 
smiths, and makers of massive articles of silver plate, &c. ; the shopkeepers dealing in 
small articles of jewellery considering themselves sufficiently protected with the ordinary 
licence of £2 68. Some vigilant official of the Excise Department, however, having 
doubtless observed the growing fashion for heavy gold chains, has set to work to entrap the 
unwary shopkeeper, by sending an informer to purchase a chain exceeding in weight the 
regulation two ounces. The result has been that in several cases the unlucky shopkeeper 
has been rather heavily fined. Now, of the strict legality of this proceeding we have some 
doubt, for it has yet to bo shown that jewellery of nine or twelve carat fineness can legally 
be held to be gold, or that a chain of plain gold wire, or a wedding-ring, can properly be 
denominated *' plate ; *' but of the wisdom shown by the parties interested in declining to 
carry the case to the Court of Queen's Bench there can be no doubt whatever; such a course 
is too cumbrous and costly to be undertaken by individual tradesmen, and if the points in 
question are to receive authoritative decision the trade should unite and provide funds for 
the purpose. But the shopkeepers complain, and very reasonably, as we think, that if it 
was intended to enforce a stricter interpretation of the law, proper notice should at least 
have been given to every person holding a plate licence. Public officials in the discharge 
of their duties should be careful to avoid even the appearance of harshness, and respectable 
tradesmen of many years standing, who have paid this duty during the whole time they 
have been in business, should certainly not be at the mercy of a common informer. AVe arc 
informed that the City shopkeepers received notice of the intended enforcement, and wc? 
know that the manufacturing jewellers of Clerkenwell were similarly cautioned ; why 
therefore, should not the same measure of justice have been extended to all ? Moreover, 
the Commissioners of Inland Eevenue annually issue a reminder of the time for renewal 
and cases of the licence being allowed to remain unpaid, sometimes for as long a period a^ 
two months, are not at all uncommon. In view* of these facts the National Chamber of 
Trade has resolved to wait upon the Chancellor of the Exchequer to represent to him the 
feeling of the trade with the view of obtaining a modification of the duty. We venture to 
think, however, that the time has arrived when the trade should make a determined effort 
to get rid of this impost altogether; for, apart from the gross anomalies surrounding the 
question, we never could understand why the gold and silver trades (properly so-called) 
should alone be subject to this licence, any more than many other trades producing articles 
of luxury or ornament, in some of which the precious metals are extensively used. The 
diamond merchant or lapidary may pursue his calliug unmolested by the Excise officer, and 
why should not the watchmaker or jeweller? It is surely little less than monstrous that 
the almost priceless gem should pass free, whilst the comparatively worthless ring of gold 
in which it is held must not be sold without a " plate " licence. Dentists, we believe, are 
also free of the duty, though large quantities of gold are now used in that business, and 
quite as highly wrought as many articles of jewellery, if not more so. Indeed, the 
employment of gold and silver in one form or other enters so largely into the ordinary 
articles of every day use, that one has but to make the most cursory examination of the 
fhop windows of the draper, stationer, fancy dealer, or electro-plater, to see at once the 
utter inj asticc and futility of confining this duty to the trades on which it is at present 
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Tlie fact is that by the marcti of manofnctiire the Act has become to a great 
obsolete in its octioD, as well as oppreMire in its incidence. It would be difScuIt 
>rmine if the duty were first imposed as a protection to the trade, or as a source of 
le; but, regarded from either point of view, it is now of fio little moment as to be 
worthless, and we feel sure the time is not far distant when its chief apparent 
of annoyance and vexation to the trade will cea»o entirely. The Notional 
ler of Trade must agitate for its total repeal, and we doubt not but membera of our 
throughout the country will gladly support the Chamber in its effort*. The vigorous 
ration of all concerned ii alone needed to ensnre the success of the movement. 



TUBULISQ KiQHIM Upon the disc A (of which the face is 

Bt K. Beiluu) a'Aim. shown at A') is placed the four pieces of steel 

slated from the Sevue OhromUriqw.) hkhh for gripping the plate to be drilled. 

IriU, of which the following is a These slide in grooves, ana may each be pro- 

tion is particularly suited for watch I«U«J or wthtoiwn by means of a screw ^ 

Mkiiake^, and is represented by the ""^^ ^ "1^>«^ ^ «">* *^« ^""^^ ^° ^'^ "^"^'^ 



lanying engravings. 



upon. 




disc A. is mounted on the carriage B, 
slides upon four rods I I t t fixed to 
ipet. The carriage is moved forward 
ning the screw S by means of tho 
C. The drill E is set in motion by 
dlei>. 

igle glance at the engraving will show 
ilAte of any thickness can bo pierced 
vat speed and withont loss of power, 
late to be drilled has simply to be 
(m the disc upon a piece of flat wood 
pped between the four pieces of steel. 
ol dispenses with the how, and as it 
to change tho drill in the arbor, it 
work rapidly and well, 



BmroinsHED MBDALLrar. — The late Ur. 
B. "Wyon, whose death, at an early age 
iraa reoently anionnced, held the ap- 
nt of chief engnver of het Uojeity's 



The lately deceased artitt was educated 
by his father, Mr. Benjamin Wyon, and in the 
Royal Academy of Arts, where he obtained 
two silver medals. His first work of import- 
ance was a medal of James "VVatt, the inventor 
of the steam-engine. This medal so pleased 
the late Robert Stephenson that, at his recom- 
mendation, it was adopted as an annual prize 
medal by the Royal Institute of Civil En- 
gineers. Tho first work by the late llr. J. 8. 
Wyon, executed in his capacity as chief en- 
graver of her Majesty's seals, was the Oreat 
Seal of England at present in use. In the 
year 1863 he executed a medal, struck by 
order of the Corporation of the City of London, 
to commemorate the passage of the Princess 
Alexandra through the City, previous to her 
marriage with tho Prince of Wales, and in the 
year 1 867 a medal for the same Coiporation to 
commtmorate the reception of the Sultan. 



2P 



THE HOBOLOGICAL JOUBNAL. 



[Oct., \m 



as STXFATEETIG nrPLUENCE BETWEEN 

CLOCKS. 

By "WiLLiiJc Ellis, Esq., of the EoyaJ 
Observatory, Greenwich. 

Frrnn the *^ Monthly Notice of the Eoyd 
Afdroiiomical Society" * 

It has been stated by clockmakers that clocks, 
if placed near together on the same wall or 
other support, will mutually influence each 
other, and in vol xli. of the Philosophical 
TVansadions there are two papers by EUicott, 
giving an account of the ** influence which 
two pendulum clocks were observed to have 
upon each other." Lately, however, having 
to test a number of clocks at the Royal Obser- 
vatory, provided for use in the observations 
to be made of the Transit of VentiS in the 
year 1874, some curious instances of sympa- 
thetic influence came accidentally under my 
own notice, concerning which the Astronomer 
Hoyal has requested me to draw up, for pre- 
sentation to the Eoyal Astronomical Society, 
a statement of the facts observed, since they 
appear to possess sufficient interest to make 
their publication desirable. 

In order conveniently to rate at the Eoyal 
Observatory the clocks alluded to, a large and 
stout wooden stand was constructed, about 
eleven feet long and five feet high, along both 
sides of which the clocks could be ranged side 
by side. The stand is of the annexed farm. 
The cross bracing (distinguished in the side 





Side view. 



End view of one 
of the end standards 



view by not being shaded) was not at first 
supplied, and it was without these bracings 
that the stand was first used. Each clock- 
case was firmly screwed both to the upper 
and lower horizontal bars of the stand {a and b 
of the side-view sketch). When rating was 
commenced, two clocks only had been fixed, 
** Graham, No. 2,*' and "Arnold, No. 2," 
and it was soon remarked that there existed 
sympathetic influence, the difference between 
the times indicated by the two clocks remain- 
ing day after day constant. Thoy were rated 
from 1872, May 2 to May 21, and an abstract 
of the rating is given in the following 
table : — 

* The Council are indebted to R. A. Proctor, Esq., 
Editor of the " Monthly Notices," for the loan of 
blocks used to illustrate this paper. 



1872. 

May 2 
11 

18 
20 
21 



ChahftmS 



Arnold a 



fiut of Sidereal Time. tuA 



GnlMnt 
ioTAmofli 



m I, 

3 44-6 
3 52*2 

3 40*9 
3 40-9 
3 41-6 



m • 
3 41-5 
3 491 



31 
31 



3 36*9 
3 37-6 
3 38-3 


4-0 
8-8 
8-2 



1 2 8 4 

The numbers in column 4 show that the 
difference between the clocks was the same 
(3'-l) on May 11 as on May 2, comparisooi 
on intermediate days, not inserted in the table, 
showing that this diiOference remained during 
the nine days constant. The clocks both 
gained in the same period 7*-6, or 0'-84 daily, 
and as the pendulum of one clock swung to 
the left, that of the other went to the right 

Now on May 1 1 the clock Graham 2 wai 
stopped. The rate of Arnold 2 immediatdy 
changed considerably. Between May 11 and 
May 18 it lost 12'-2; or l'-74 daily, or its daily 
rate changed, on the stoppage of Grahm 2, 
from 0''84 gaining to 1**74 losing, that is, it 
increased its losing rate by 2*-58. 

On May 18 the clock Graham 2 was a^ 
set going, but with its pendulum swinging 
now in the same direction as that of Amc^ 
2. That this was done is seen by the diffe^ 
ence (in column 4 of the table) which was 
left 4'0 instead of 3'1. But on May 20 this 
difference of 4" had become lessened to 3'*3, 
and on May 20 to S'% showing approach of 
the pendulums to their former relative posi- 
tions. The rate of Arnold 2 correspondingly 
returned to its former value: between May 
18 and 20 it was 0*-35 gaining, but between 
May 20 and 21 it had become 0'-7 gaining. 
Or the starting of the clock Graham 2 changd 
the daily rate of Arnold 2 from 1' 74 losing 
to 0*7 gaining, that is, s it decreased its losing 
rate by 2'-44. Thus a change of rate was 
produced in the clock Arnold 2 by a starting 
of Graham 2, in the opposite direction, and<j 
nearly precisely the same amount as that 
produced by the stoppage of Graham 2. 
(Neither of the two clocks, on the starting of 
Graham 2 on May 18, took up its former rate 
at once, because of the disturbing effect intro- 
duced by setting the pendulum of Graham 2 
into an opposite position relatively to that of 
Arnold 2, as mentioned. But between May 
20 and 21 the clocks had about returned to 
their former state ; the difference having be- 
come 3"-2 as compared with 3"-l, and the rate, 
0''6 gaining for Graham 2, and 0**7 gaining 
for Arnold 2, as compared with 0**84 gaining. 
The rating was discontinued on May 21.) 

The wooden frame was now strengthened 
by the addition of the cross bracing before 
spoken of. On further trial of the clocks, no 
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: diEturbing effects (as indicatcil by the 
rates) were perceived. Many other 
were afterwants fisetl to Iho ataiid, and 
with others mounted each on a separate 

were siniult«ncaue]y rated. Judging 
ir rates, all those elocka performed satiR- 
ly. But in the course of time it hecamc 
tthat, whilst the ares of vibration ofllie 
ums of aU the cloeks on separate stands 
ery uniform, those of aU the clocks on 
iat stand (at this time nind in number) 
1 great variations, indicating that sym- 
ic influence ttill appeared to exist, 
gb the eflcct was not now perceptible 
I rates. To investigate this, all the 

on the great stand were for a week 
i, eiccpting one, and during this week 
odulum maintained a nearly constant 
rhe same thing was dono as regards 
T of the clocks, with a like result. The 

were then all set going again, and 
ations of the arcs of three of them made 
quent intervals ; one of the cloL-ks 
•d having an extreme losing rate, one 
3:emc gaining rate, and the other a rate 
lediatc between those of the other two. 
bscrvutions arc contained in the following 
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EBC numbers show that the arcs of vibra- 
rere in a state of rapid change, in nature 
lical, but that the effect produced by the 
bing action was different in each clock. 
udy the action more simply, all the 
were now stopped oxceptiug two, Dent 
uid 2015, and the following observations 
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and at the point 4 in the same direction, or at 
the point 4 the pendulum of the clock 2015 
had advanced I'Oon that of 20N. Conse- 
quently between the points 1 and 5 Ihe pen- 
dulum of 2015 had advanced 2'0 on that of 
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;i0l4; the interval occupied in making this 
advance being, according to the time scale of 
the dingrom, from about 21* 50" to 2* 45", or 
about 4* 55".* Kow, by the obscn^ed rates, 
given in the lust preceding table, it will bo 
aeen that the clock 2015 was gaining 9*5 
daily on 2014; it should, therefore, advance 
2'0 on 20 14, in 24' X ^, or 5' 3", which 

result differs by a few minutes only from that 
found from the diagram. In this mutual 
action of two pendulums there is another 
circumstance to be remarked, which is that, 
in the alternate variations of arc, as one pen- 
dulum attained its greatest arc, the other 
reached its kast arc. 

This simple experiment with two clocks 
shows clearly the depunilencc, in a tiisc of 
mutual disturbance, of the variations of arc 
on the difference of rate, the period in which 
in each clock the arc goes once through all its 
changes corresponding to the advance of ono 
pendulum on the other by ono complete vibra- 
tion (or 2'). 

It appears, therefore, that tlio pendulums of 
two clocks, fixed to the same support, tend to 
influence each other, in dcgi'ee, according to 
the facility with which the support can be 
put into or communicate vibration, and further, 
that 

(1) The influence may he imperceptible to 
ordinary methods of obsen-atiou ; 



* A tittlo inequality h introduced iuto the dia- 
gnia from the fact of the meun value at arc for 
Bent 2015 being a little greater Ihaa that for 2014. 
In HtiictnetiB the dotted curve shuiild be lowered by 
about 4'. wbich would »1iift the pointa of Inteneo- 
tiiin 1 and 5 n little to the IcFt, nod the point 3 • 
tittle to the right, llietebj reuJering the spaces 
between tie seTeral pointa equal, without affecting 
the alMtolnte diotonce tctwMa Ihe poiotB 1 and S. 
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(2) Or may be perceptible only as affecting 

the arcs of vibraticn in a lesser or 
greater degree ; 

(3) Or may be sufficiently powerful to 

cause the clocks to move entirely in 

sympathy. 
In the practical use of clocks, cases (1) and 
(3) will never cause error; in the one instance 
no injurious effect would be produced, and in 
the other the effect would soott be perceived. 
But not so with case (2). For the variations 
of arc would usually cause small alternate 
accelerations and retardations in the time, 
which, in the daily rating of an ordinary 
clock, might not be distinguished or separated 
from other greater sources of error (as was the 
case with the Transit of Ventis clocks, after 
bracing the wooden stand, on which they were 
temporarily placed for trial, as before men- 
tioned). No doubt, however, if a clock, sup- 
posed to be so influenced, were compared very 
frequently, by some accurate method, with 
another independent clock (suppose by coin- 
cidence of beats, using an intermediate chron- 
ometer), the inequality of rate would then 
be perceived. Such inequalities, even if small 
in magnitude, being of periodical character, 
might affect injuriously any delicate experi- 
ment and would be especially mischievous in any 
clock used for very accurate or fundamental 
work. Examination of the arc would, however, 
always reveal the existence of disturbance. 

Some apology may be necessary for the 
length of this paper, but I have thought 
that, in a matter of experiment of this kind, 
it was desirable to give an account of the 
phenomena observed in some detail. 



NeaiiLy three thousand persons in Geneva are 
occupied in the jewellers' and watch-makers' 
business, and twenty thousand watches are 
made annually. The restrictive duties laid 
upon these manufactures by neighbouring 
countries, and especially by France, have led 
to a regularly organized system of smuggling, 
from which the government agents appear to 
derive a private revenue, and which is, there- 
fore, very difficult to break up. It is said 
that a prefect of police of Paris, having 
bought at Geneva jewellery and watches to a 
considerable amount, the teadesman offered to 
deliver them in Paris for an additional sum 
much below the cost of carriage and the 
duties. The prefect made the agreement, and 
gave notice at the frontier custom-houses, 
describing the articles, and requiring even 
more than usual vigilance. The articles were, 
nevertheless, delivered to him according to 
contract, and on investigation he found thatthey 
had passed the frontier in his own baggage. 



CLOCK BT DB. FBAMLIN. 

By E. J. Lecky, Esq. 

This clock was made about the year 1819 for 

Boger Dartnell, Esq., M.D., Youghal, Co. 

Cork, and was used as his sidereal clock, in 

his Observatory, on the town wall of that 

place, until his death, in 1832, when it came 

into my possession by bequest from him. 

It is, I believe, the simplest form of a really 
useful clock ever contrived, and is described 
in Bees' Clydcpcedia, article, ** Clock," and 
figured in the plates of Horology as invented 
by Dr. Franklin ; but Dr. Bees does not giTe 
his authority for this. He also gives another 
of somewhat similar construction by Fer- 
guson, but not so simple as Franklin's. The 
train consists of only three wheels and two 
pinions. The great or centre wheel has 160 
teeth, driving a pinion of 10 leaves on the 
arbor of the intermediate wheel ; this has 
120 teeth, driving 8 leaves on the 'scape' 
wheel, wliich is of the ordinary kind, and has 
a simple ** Graham" dead-beat 'scapcment, 
not jewelled. This wheel, of course, cairicB 
the seconds-hand in the usual way ; and the 
great wheel, which revolves in four hours, 
carries a hand which denotes both minutes 
and hours, the periphery of the dial being 
divided into 240 minutes, and each of the four 
quadrants consecutively numbered to 60. 
Each quadrant, therefore, represents three 
hours, within which time it is requisite to 
know the hour; and herein consists the 
greatest drawback to the usefulness of this 
form of clock. This, however, might be 
easily remedied by a 1 2 or 24-pointed star and 
divided plate or hand set forward by four pins 
in the great wheel. The driving-wheel simply 
acts on a grooved pulley fixed to the arbor of 
the great wheel, as in a common Dutch clock, 
and has a maintaining spring and ratchet to 
keep the clock going while being wound. 
Mounted in this way it would require to be 
wound daily ; I have, however, added a 
weight and counterpoise, fitted as double- 
sheaved blocks, the shelves being contained 
in the body of the weights, which enable it to 
run for eight days ; and by making the string 
endless, and passing it over a winding pulley, 
it acts as a **Huyghens pulley/' thereby 
rendering the maintaining spring useless. The 
driving-wheel is eight pounds, and the coun- 
terpoise four, the effective power, therefore, 
being 4lbs. ; and as this is divided on to four 
strings, the actual weight which propels the 
clock is only lib., minus the friction of the 
pulleys. This gives the pendulum a swing of 
3° 10', the angle of escape being l*" 24' (or 
42 at each side of zero) ; the excess being. 



Oct., 1873.] 



THE HOROLOGICAL JOURNAL. 



23 



therefore, 1° 46' (or 53' at each side). This 
excess is increased 14' by using a single string 
with lib. driving-weight, instead of the four 
sheaved blocks, owing to the decreased fric- 
tion. 

In a series of experiments on the swing, 
the clock being fresh cleaned and oiled, with 
weights increasing from S^oz, up to 32oz., I 
found that at this lower weight the clock 
would not go, but with 3foz. it went, the 
swing being 1° 32' ; with 4oz. the swing was 
1^ 38' ; 5oz. 1° 56' ; and the average increase 
of swing being from 5 to 8oz., 12' ; 8 to 12oz., 
9' ; 12 to l6oz., 6' ; 16 to 24oz., 4^' ; and 24 
to 32oz., 3' ; the full swing being at this latter 
weight 4° 36', or 2*18 at each side zero. 

The pendulum is an ordinary Graham's 
quicksilver compensation. The rod is of the 
finest cast steel, and the bottle a piece of 2- 
inch cast-iron pipe, bored and turned, the top 
and bottom being wrought-iron. The rod 
passes through and is screwed into the latter, 
with a counter-nut and pointer below. The 
adjustments for both rate and beat are at the 
top, and can be used without stoppirg the 
clock. The screws for adjusting the beat 
move a slide which carries the pendulnm ; and 
one of them, that on the rig^i'.-liund side, 
impinges on a loose brass piece which pinche6 
the pendulum-spring against the edge of the 
slide, thereby always retaining it at the same 
point of suspension. The screw for adjusting 
the rate moves the pendulum-spring between 
this loose piece and the main slide, the right- 
hand beat-screw being first loosened ; and the 
spring is suspended to its screw, as well as 
attached to the top of the pendulum-rod by 
pins passing through a centre line, thereby 
avoi<£ng unequal tension to the edges of the 
spring, which is the constant cause of breakage. 
There is also a clamping screw to the spring 
at the top of the pendulum, but this is not 
tightened until the pendulum has found its 
true position. 

I added an anti-friction crutch to the pal- 
lets, which I believe to be an essential benefit, 
although seldom adopted. It allows for the 
friction arising from the point of suspension 
of the pendulum and the centre of motion of 
the pallets not being in the same right line. 

The case in which this clock is mounted is 
composed of slate slabs, the back being a 
single slab 1} inches thick, and to this the 
pendulum is suspended independent of the rest 
of the clock. The weight and rigidity of the 
slate give it great stability, and the clock goes 
with great steadiness ; is very readily adjusted ; 
and if a minimum of friction be a desideratum, 
I think this mode of construction possesses it 
more than any other. — ^From Monthly Notices 
<f the Astrwiamieal SodUy. 



m TEE MAKINQ OF A NEW BABJREL-HOOK 

Every repairer of common English watches 
is well aware of the difficulty often experienced 
with the barrel, in consequence of the very 
strong main-spring breaking, and also because 
of the weakness of the barrel itself, which is 
aggravated by the large hole for the hook. 
The barrel gets bulged or forced out of shape, 
whereby the cover is loosened. This is such 
a common occurence in the cheap work, that 
a tool has been invented to bring the barrel 
back t^ shape, if I have properly understood 
the object of a tool described by an American 
writer as a barrel-closer. To lessen the evil, 
I would recommend for such watches a solid 
hook, screwed into the barrel, instead of a 
hook rivetted to the main spring. Haviug 
seen very often a bad attempt made to put 
a hook in properly, I beg leave to submit the 
following mode of proceeding : - 

Drill a hole into the barrel, in size about 
one-third the width of the main spring, and 
tap it. Now screw a piece of hard brass pin 
wire into the corresponding hole of the screw 
plate, making the screwed part about a quarter 
of an inch long ; nip the wire off, leaving a 
sufficient length on the opposite side of the 
screw plate, to form the hook in the thicker 
end of the wire. The hook should be nicely 
squared, undercut, and finished to a thickness 
equal to about U that of the main spring 
before it is removed from the screw plate. 
When the hook is completed, lay hold of the 
screwed end with your pliers, screw it from 
the plate and fit it into the barrel from the 
inside. Done in this manner, any workman 
will see that a much cleaner and stronger job 
will be the result than by the mode of screw- 
ing the hook in from the outside. Care, 
however, should be taken that the tap is easy 
enough to allow the hook to screw right home 
without fear of breaking. W. G. SCHOOF. 



Gold ix Crowns and Half-Crowns. — The 
Deputy-Master of the Mint states in his report 
recently issued that much of the worn silver 
coin in course of withdrawal from circulation, 
contains gold in sufficient quantity to render 
its extraction profitable, under the present im- 
proved methods of refining. Last year worn 
crowns and haK-crowns withdrawn from circu- 
lation, weighing 117,938 ounces, were sub- 
jected to the process of refinage, in order that 
the gold contained in them might be extracted 
before they were melted for re-coinage, and 
81.27 ounces of gold were recovered. Wo re- 
finery being now attached to the Mint the 
operation was performed by Messrs. Johnson, 
Matthey, and Co., for a chai-ge which left a 
margin of profit sufficient to justify the Mint 
in the course pursued. 
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THE DIAMOND AND OTHER PRECIOUS STONES. 

By M. BABINET, of the Ixstitcte of France. 
(From the "Smithsonian Report" for 1870.) 



The diamond, called by the Greeks ** adamas," 
from its hardness and inirangibility, has 
attracted the attention of amateurs of precious 
stones from the most remote antiquity. 

In regard to hardness, says Lucretius, 
diamonds are placed in the first rank, as they 
resist the blow of a hammer. 

'* Adamantina saxa 

Prima ade conBtant, lotus contemnere sueta." 

The second of these peculiarities is much 
more easily contested than the first; for 
notwithstanding all the fabulous assertions of 
ancient authors, the diamond, which scratches 
on all bodies and can be scratched by none, is 
easily broken by percussion, and is susceptible 
of deavage, that is to say, of being readily 
divided by pressing steadily the sharp blade 
of a steel instrument in the direction of the 
natural scams of the stone. 

When the rude Helvetians captured the 
treasures which were found in the tent of 
Charles the Bold, more sumptuous than those 
of the King, they divided with their hatchets 
some of the diamonds of this prince, to the 
great detriment of their value, as the entire 
stones were worth much more than the pieces 
into which they are divided. If we examine 
the many compilations from the ancients, made 
at the time of the Renaissance, we shall find 
a mass of undigested learning on the subject 
of gems. Notwithstanding the uncertainty 
of the names which he applies to many of the 
precious stones, Pliny is still highly esteemed 
as a compiler from ancient works now lost, 
and as an author of the first class. It was 
he who dared to undertake the composition of 
a history of nature analogous to what had 
been done before his time in regard to nations. 
The term natural Imtory has become so 
familiar to us that the idea conveyed, 
namely, a history of all tilings that contribute 
to make up a world, minerals, vegetables, and 
animals, has almost entirely lost the original 
magnitude of its signification. Ajid in this 
connection it is worth while to pause for a 
moment to remark that science in its progress, 
as it has become more real and important, has 
gradually become more and more modest. 
Where, as with the Greeks, the word nature, 
phj/sis, signified the generation or origin of 
beings, with us it is restricted to the system 
of objects that constitute the physical uni- 
verse, and is not applied to the occult cause 
by which they were produced. Here, as 
everywhere else, science, in order to make 



real progress, has abandoned ambitious meta- 
physical speculations for sagacious|observation6, 
and wild hypotheses for sober facts. 

It would be interesting to trace the history 
of gems in connection with the history of man, 
from the times of Aaron's ephod to those of 
the pastoral cross of the Archbishop of Paris ; 
from the time of the presenting of rubies, 
sapphires, emeralds, diamonds, topazes, 
sanlonyxes, amethysts, the carbuncle and 
loadstone, as ofierings in the temple of Jupiter 
and other pagan divinities, to that of an 
accumulation of wealth of a similar character, 
prior to the sixteenth century, in the treasury 
of Christian churches. 

But, without attempting this labor, we may 
obser\'e, in passing, that these precious gifts, 
the oflbrings of the piety of the faithful, have 
not always been faithfully preserved. When, 
during the reformation of CalWn and Luther 
in Germany, and later, in the time of the 
French revolution, this votive wealth was 
delivered over to the civil authorities, it was 
discovered that many fraudulent substitutions 
had been made, and that paste had very often 
been substituted for the primitive gem. 

The famous London Exposition of 1851 
prided itself upon the possession of the great 
diamond, the Koh-i-noor, (Mountain of Light,) 
captured from the Maha-radjas of India, and 
presented to Queen Victoria. As to the 
antitjuity of this gem, it is asserted that it 
was worn by Kama, King of Anga, three 
thousand and one years before our era. 
Observe the preciseness of this date. I have 
nothing to offer in objection to it, and am 
even ready to grant the truth of the assertion ; 
for who can prove the contrary? We can 
say, however, quite as much in behalf of the 
truth of the marvellous properties ascribcni to 
precious stones by antiquity and the middle 
ages, and admit without hesitation, as they 
have done, the influence of the planets and 
other celestial bodies. For the cure of all 
diseases of a moral or nervous character, 
wherein the imagination exercised a predo- 
minant influence, gems were the sovereign 
remedy. In declaring to a patient that an 
emerald, placed at the head of his bed, would 
cure hypochondria, drive away nightmare, 
calm palpitations of the heart, enliven the 
imagination, or dissipate mental tix)ubles, 
success was assured by the faith alone in the 
efficacy of the remedy. The expectancy of 
cure in these aficctions was itself the cause of 
the cure, and in all of the countless cases in 
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Trliich the moral exercised an influence over 
the physical, an imaginary cause must produce 
u real effect. In short, a constant tendency 
to seK-deception of the human mind, which 
leads us to regard only accidental successes, 
and to take no note of failures, contributed to 
maintain the belief in the hidden virtues of 
precious stones. It is not above half a century 
since diamonds and other gems were borrowed 
from rich families to be applied in the cure of 
local diseases. Care, however, was taken 
when the jewel was introduced into the mouth, 
for toothache or sore-throat, to secure it by a 
string, to prevent its being swallowed by the 
patient. 

The study of precious stones, which may 
seem frivolous when these are considered only 
as objects of ornament, rises in importance 
when looked upon in connection with com- 
merce, optics, and mineralogy. The classic 
Haiiy, creator of crystuUographic mineralogy, 
has not disdained to publish a book on precious 
stones, in which he leaves nothing n to be 
desired in the way of description. In his 
preface he acknowledges his obligations to M. 
Achard, mineralogist and lapidary, of Paris ; 
and I ought to say as much for M. Achard, 
the son, without whose aid I should not have 
felt able to compose this article. 

What is the diamond ? It is the most rare 
and the most priceless of minerals. What is 
carbon ? It is one of the most common of 
known substances, found in the earth in 
immense quantities, and furnished by all 
plants and trees in great abundance. The 
diamond is priceless, since one of pure quality, 
of the weight of a twenty-five franc piece — 
that is, of 125 carats — will have a money 
value of at least four millions of francs. 
Now, the value of an equal weight of carbon 
is scarcely anything, and yet the two are 
identical; the diamond is only carbon crys- 
tallized. Every one knows that if a body is 
dissolved into a liquid — for example, common 
salt, saltpetre, sugar, or alum, in water — the 
deposit left by evaporation of the liquid will 
present regular geometrical forms. 8alt 
assumes a form identical with that of playing 
dice, to which the Greeks gave the name of 
cubes; saltpetre presents elongated bodies 
with four flat sides and square ends ; sugar 
takes the form known as rock-candy ; and 
finally alum crystallizes into pointed pyramids. 
This latter form is precisely the same as that 
under which nature presents us with the 
crystals of carbon called diamonds. 

As soon as the character of the diamond 
was discovered, chemistry aspired to emulate 
nature in producing the gem from carbon ; but 
up to this time science has been baffled in her 
attempts — nature has not been induced to 



reveal the secret of her process. These geo- 
metrical products of nature, when not worn 
by attrition, are as smooth and as polished as 
the finest cut glass. Coloured crystals are 
also produced by nature as well as white ones. 
The red ruby, the blue sapphire, the green 
emerald, the yellow topaz, the violet amethyst, 
and the crimson garnet are all the products 
of her unrivalled laboratory. 

Chemistry, it is true, furnishes us with 
hundreds of crystals of different forms, accor- 
ding to the character of the substances of 
which they arc composed, and many of them 
are not found in mineralogy. Nature, how- 
ever, as if by way of revenge, has produced, 
in the course of ages, and under the influence 
of actions scarcely as yet recognized, crystals 
which art, directed by science, has not been 
able to imitate. Such is emphatically the 
diamond, and many other minerals not embraced 
among gems. To the study of these geometrical 
forms, whether the products of nature or of 
art, the celebrated Haiiy, about the beginning 
of this century, gave many years of his life, 
and out of this study created a new science, 
one of the titles to glory of the human mind. 

Pythagoras and Plato had without doubt 
given attention to crystal-lography, since in 
thcii* schools they announced the marvelous 
proposition that nature, in the depths of her 
recesses, occupies herself with geometrical 
problems, and that God geamdrizes incessantly. 

The old alchemists contended that the 
philosopher's stone could be produced from the 
commonest substance possible, and nature 
seems to have favored this idea in producing 
the most costly gems from the most worthless 
materials. She converts, as we have seen, a 
small quantity of black and friable carbon into 
a transparent diamond of a hardness and bril- 
liancy unequaled. She takes a little of the 
glazing which the potter uses in his ordinaiy 
operations, and, coloring it with a trace of 
iron, produces a ruby or a sapphire. From a 
little worthless pebble, with slight additions, 
she forms the topaz, the emerald, and the 
amethyst. Some of the last-named gems 
have been reproduced in the furnaces of Sevres 
in the same manner, without doubt, as nature 
has elaborated them in her vast volcanic 
workshops, by those mysterious operations 
which have given to Vesuvius the title of the 
great crystal manufactory. Every one knows 
of the sarcasm with which Bousseau re- 
proached the chemist Rouelle, demanding of 
him that he should produce com from the 
chemical materials of which it was composed, 
rather than destroy that already made in its 
analysis. What would he say if he had seen 
the chemist produce carbon from the diamond, 
as readily as from a bit of wood qi^ w^^^> 
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while ho was powerless from the carbon to 
create the precious gem? 

It might seem at first sight that those 
countries containing diamond mines, or mines 
of crystallized carbon, were the most favored ; 
but this is far from being the case. The mines 
of Golconda, and of Visapour in India, of 
Brazil, of the Ural, and of Borneo, are not 
worth a moiety of those deposits of coal with 
which nature, a little parsimonious in regard 
to France, and still more so toward the vast 
territory of Eussia, has endowed Belgium, 
England, and to an immense extent the United 
States. 

By way of illustration, we can state that 
England, with all her wealth, does not import 
precious stones pf a value greater than twelve 
or thirteen millions of francs, while her mines 
of coal yield a value of five hundred millions 
of francs per annum. How precious is this 
coal ! 

The diamond is commonly found imbedded 
in a sort of reddish cement. Sometimes the 
rock containing them requires to be broken, 
and often the sand at the base of torrents, or 
the earth which has received the waste of 
diamond-bearing rocks, is gathered, and sub- 
mitted to frequent washings by machinery, to 
eoLclude the gravel and stones prior to the 
hand- washing which secures the gem. 

Diamonds are always found covered by a 
rough coat, which is, in fact, the product of 
the chemical action of the crystalline forma- 
tion. Nearly all the other crystals, and 
especially those of quartz, are much more 
bnlliant in their natural state. Had Socrates, 
who regarded the natural man as a block of 
marble, from which art can create a beautiful 
statute, known of the transformation created 
by the cutting of the rough diamond, ho would 
certainly have preferred this comparison. The 
difference, however, in money value between 
the cut and the uncut diamond is not so great 
as might be supposed. For if the rough dia- 
mond loses half its weight by cutting, on the 
other hand, its value is doubled by the opera- 
tion, without estimating the dust remaining, 
which has a value in the arts from its being 
employed in polishing many gems as well as 
the diamond itself. 

The ancients do not appear to have had a 
suspicion that the diamond could be cut. They 
only knew it in its natural condition as a stone, 
having eight triangular surfaces, and in every 
direction presenting a double pyramid. 

Louis de Berqueu, an artist of Bruges, 
about the middle of the fifteenth century, con- 
ceived the idea of cutting it, at first by rub- 
bing two diamonds one against the other. If, 
in fact, we cement two diamonds on wooden 
handles, and rub point against point, wc shall, 



little by little, grind them away, and obtain 
an artificial unpolished surface. To polish 
this surface we must use a cii'cular plate of 
steel or of cast ii'on, like a grindstone, placed 
horizontally. But it is easy to see that if a 
diamond is merely placed against this grind- 
stone, it would require a century to produce a 
polished surface. All that can be obtained by 
this process are grooves cut in the iron or 
steel. To effect the desired object, a happy 
thought suggested itself to Berqueu, to sprin- 
kle the surface, against which the diamond 
was rubbed, with diamond dust mixed with oil. 
The surface obtained in this way is regular, 
smooth, and perfectly polished. After the 
discovery that facets could be produced in the 
diamond, experience indicated in each case 
how a particular stone should be cut to pro- 
duce the most advantageous effect. 

There are two principal styles of cutting. 
The first is called the brilliant. In order to 
produce this style, the diamond to be cut must 
be pointed. If not naturally in this form, it 
must be reduced to it artificially. The points 
on the upper surface are ground down a little 
more than one-half, and those on the lower or 
under surface one-eighth. Then the light, 
entering through the larger upper surfaces, 
strikes the bottom surfaces, is reflected back, 
ward, traverses the side facets, is refracted- 
and produces prismatic effects. Every one 
knows what is the result when white light is 
decomposed into the colors of the rainbow, 
and coming to the eye, with every variety of 
hue, produces what is called the lustre of the 
diamond. For this effect the light should not 
be voluminous, for there might be neutraliza- 
tion of these colors, and white light be repro- 
duced. Nor should the facets be too large, 
for then the eye would receive all these colors 
at once, which would also reproduce white 
light. 

The large diamonds, the llegent, belonging 
to the crown of France, and the Koh-i-noor, 
belonging to that of England, are cut with 
facets too large, and not sufficiently numerous. 
It would have been better if the large upper 
surface, called the tabkj had been cut in a 
series of smaller facets, made to slope towards 
the edge, as is done for small colored stone?. 

The following is my method of studying the 
effect of a diamond : I pierce a hole in a 
white card a little larger than the diamond to 
be examined. Then passing a ray of sunlight 
or that of the electric lamp through this hole, 
I place the stone in the path of this ray, at a 
certain distance from the hole, behind the canl, 
so that it shall receive the light on the table 
of its anterior surface. The rays reflected 
from the table, and also those which pass 
through into the diamond, are reflected back 
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on the card, where they exhibit a white image 
of the table, surrounded by small bands 
iridescent with all the prismatic colors. Now, 
if the colors are considerable in number, well 
separated, and equally spread around the white 
reflection of the table, the diamond has been 
well cut. Each of the bands indicates one of 
the lustres of the stone, which may therefore 
be counted^ and, consequently, in this way, 
the number, the quality, and the symmetry of 
the lustres can be determined ; errors in cut- 
ting can be detected ; and the form to produce 
the best effect can be ascertained. I have 
always intended to undertake by this method 
the study of the principal diamonds of France, 
but haye always postponed it, being, like 
Homer, too much pressed with other work. 

The second kind of cutting is called, for 
what reason I know not, the rose. It consists 
in leaving a large, smooth surface underneath, 
and in covering the upper surface with a great 
number of small facets, in order to produce 
on the face, by the reflection from below, 
lustres and colors similar to those of the bril- 
liant. This cutting is used for stones of a 
flat form, the weight of which would be too 
much diminished in reducing them to the form 
of the brilliant. In this manner the great 
Indian diamond of England was originally 
cut, before it was presented to the Queen ; in 
cutting it as a brilliant it has been reduced 
from 186 to about 103 carats. It is scarcely 
necessary to say that, by the process I have 
given, the rose-cutting can be as well verified 
as that of the brilliant. In both, large facets 
should be avoided even for the larger dia- 
monds. As to the identity of the diamond 
known as the ** Saucy," the name of one of 
the captains of Henry the Fourth, there is no 
agreement among connoisseurs. All the 
diamonds which pretend to this name weigh 
from 55 to 70 carats, and are cut in the form 
of a flattened pear, almost round, a shape 
called the pendeuognCt having facets above and 
below, with a small, flat surface on the top. 
Several imitation diamonds cut in this style 
have given admirable effects, and I think that 
it should have been adopted in the cutting of 
both the crown diamond of England and the 
rough diamond, known as the Star of t/ie 
Sofdh, presented to the Academy of Sciences 
by M. Dufrenoy. This kind of cutting, 
which I venture to call the Sa)wy^ merits as 
much attention as those known by the name 
of the rose or the hriUiant. If from a single 
luminous point, multiplied b^ facets, we 
obtain several colored lights, it is evident that 
from a number of luminous points more 
splendid effects will be produced. For this 
reason the light from a number of wax 
candles ox from uncoyered jets of gas is more 



favorable to the brilliancy of the diamond 
than that from lamps or gas inclosed in globes 
of ground glass. Therefore those who sell 
diamonds would do well to remember that if 
in exhibiting them they substitute for the one 
or two largo lamps frequently employed, 
candelebra containing a number of wax can- 
dles, the character of the gem will apparently 
at once be changed, and it will resemble in 
brilliancy that grouping known as the parterre 
or basket of flowers, 

Whenever I have been invited to see an 
amateur collection, among which there was 
one princely diamond, (that is, above 10 
carats weight,) I have often give the owner 
great and unexpected pleasure by liflrhting on 
a mantle-piece from eight to sixteen wax 
candles, thus calling forth, as it were, all the 
latent splendour of the gem. The reflection 
in the mantle-mirror doubles the number of 
candles ; and if we turn our back to the mirror 
while holding the diamond in the hand, about 
the level of the eye, and vibrating it rapidly, 
the most beautiful effects are produced. If 
this secret had been known to Prince Potemkin, 
who enjoyed like a Sybarite the company of 
his beautiful diamonds, he would have 
obtained a much higher pleasure from his 
favourite contemplation. In the splendid 
apartments of the Tuileries nothing is more 
easy to remark than the great difference 
between the brilliancy of these gems in the 
rooms lighted by wax candles, compared with 
that obtained in those where gas-jets are 
inclosed in ground glass globes. Walking, 
dancing, every movement of the body, how- 
ever slight it may be, varies very perceptibly 
the ever changing play of the fights of this 
transcendently beautiful gem. 

It is remarkable that the price of diamonds 
has remained invariable for several centuries. 
A perfect diamond, weighing one carat, is 
worth abgut 200 francs. Double this weight, 
and you quadruple the price, which is as the 
square of the weight, so that one weighing 
10 carats would cost 10-|-10-f-200, or 20,000 
francs, which would be more than that of a 
first-class solitaire. Though it docs not enter 
into our plan to speak of the arrangement of 
diamonds, and the best manner of setting 
them, which is properly the business of the 
jeweler, we will say that recently, admirable 
effects have been produced, at a great saving 
of cost, in substituting for one very largo 
stone a diamond of more moderate dimensions, 
surrounded by eight brilliants of one carat 
each. Suppose we have for the middle stone 
of the necklace a diamond of four carats, 
worth 3,200 francs, surrounded by eight stones 
of one carat, worth 1,600 francs. We get for 
4,800 francs an effect ec^>ii ^^^\. ^i ^\^- 
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carat diamond, which would cost from 20,000 
to 25,000 francs. 

The mines of India, at Golconda, Baolconde, 
Yisaponr, held for a long time the monopoly 
of the diamond market of the world. Of late, 
however, Brazil has added its productions, 
which, having almost always a slight yellow- 
ish tint, contrast finely with the diamonds of 
India. It is from Brazil, at present, that 
nearly all the diamonds sold in Europe are 
obtained. These are first sent to Amsterdam 
to be cut, thence to Paris and London to be 
set, and thence they find their way through 
commerce to every part of the world. Borneo 
also furnishes a few hundred carats of dia- 
monds. Humboldt conjectured that, from 
their formation, the Ural Mountains ought to 
produce diamonds, and research has justified 
his prediction. It does not appear, however, 
that these deposits have even yet been made 
productive in the way of regular mining. 
Algeria, also, has had the reputation of pro- 
ducing diamonds, and we have seen, in the 
possession of amateurs of mineralogy, speci- 
mens said to come from this locality; but 
whether these came from a real or supposed 
deposit, they have had no place in commerce, 
and the same may be said of the Califomian 
and Australian diamonds. In general, the 
proportion of diamonds in circulation aug- 
ments with that of the population that can 
afford to purchase them, which causes their 
price to remain nearly the same at all times. 
A panic due to the discovery of some new 
diamond beds in Brazil, about the ^ear 1845, 
caused a temporary fall in the price of this 
gem, but the equilibrium was soon restored, 
and noW| at London as at Parisi a diamond of 
one carat is worth the old price of 200 francs, 
more or less. 

The number of stones which surpass in 
weight 100 carats is extremely limited. It is ' 
estimated that among 10,000 diamonds only 
one will be foond weighing 10 carats, and 
conseauently this will merit the name of 
priiwdy, Eussia, France, Tuscany, and Eng- 
land possess diamonds* weighing over 100 
carats. By far the chief among these, on ac- 
count of its beauty, is the Regent, so called 
because it was to the Prince Regent that 
England owed its acquisition. All these large 
diamonds come from India. The Star of the 
South, of which we have just spoken, and 
which was shown to the Acaaemy of Sciences 
January 3, 1856, came from Brazil^ and was 
obtained from one of the new mines, the dis- 
covery of which caused the transitory depres- 
sion of the diamond market. It was found in 
July, 1853, and weighed 254^ carats. This 
gem appeared perfectly limpid, and without 
^ont which has been the reproach of 



Brazillian diamonds. The cutting of it as a 
briUianl reduced it to half its original weight, 
which will make it about the same as that of 
the Regent, which is 136^ carats. To have 
cut it in the form which I call the Saucy , 
would have left it three-fourths of its original 
weight, and have given it a much more 
splendid luster. When I wished to suggest 
this the diamond had already been sent to 
Amsterdam. It was exhibited at Paris in the 
great exposition of 1856. It is estimated to 
weigh 127 carat«. It is one of the five dia- 
monds to which the name of sovereigns has 
been exclusively applied. Everjrthing indi- 
cates that the number of these peerless 
minerals is extremely restricted, since so few 
have rewarded the arduous labor of searching 
for them. 



TEE MANITI'AGTnBE OF BLACK FOREST 

GLOCEB. 

This industry which two centuries ago was 
confined to the production of a small number 
of very rude clocks has steadily expanded till 
it has become one of the most important 
manufactures ui Germany. In 1796 the num- 
ber of clocks of all descriptions made in the 
district was 7,500. In 1808 the number had 
risen to 20,000. In 1862 the total was 
1,000,000, and in 1872 was produced the 
astoimding number of 1,800,000 clocks, of 
almost infinite variety, fi:t>m the low priced 
antiquated wooden movement going only 12 
hours to the costly modem regulator, and 
embracing specialities for nearly every country 
in the world. 400,000, or nearly a fourth of 
the whole, were made at Furtwangen. 

The greater number exported to Groat 
Britain are provided with weights and chains 
and go 24 hours. Switzerland is a customer, 
principally for trumpet and cuckoo clocks. 
The demand in Austria is for the better class 
of chain clocks, while Italy takes scarcely 
anything but spring clocks. 

France has a predilection for those of a 
large size, which arc sold under the name of 
Swiss clocks. 

To Belgium and Holland are sent docks 
with bronze cases ornamented with tin and 
porcelain shields. 

Russia is a large customer for the best 8-day 
clocks, and is also the depot from which 
some of the Asiatic countries are supplied 
with the Black Forest ilianufactures. Turkey 
and HaUacca have ship's clocks as well as 
cuckoo. Sweden, Norway, and Denmark 
shew a preference for sexagonal and octagonal 
cases. Spain and Portugal take chain clocks 
only. Even the United States, where great 
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att«ntioii is paid to tho manufacture of cheap 
clocks, imports Black Forest goods largely, 
cliiefly cuckoo clocks and regulston. Kexico 
and South America take a fair proportion of 
cuckoo and spring clocks. India, China, and 
Japan demand cuckoo and ships' clocks, and a 
better manufacture, with cases after the 
English paticrae. 

There are in the district 1429 clock monu- 
factoreis, employing 7526 hands, hut it is 
computed that cdtogether 13,S00 people are 
dependent upon the clock trade. Even with 
the whole world for a market, the distribution 
of two millions of clocks a year is an 
achievement that the founders of the Black 
Forest clock trade conld certainly never hare 
anticipated. 



EEAUTE'S PATENT UIHOK-CEBONOICSI^ 

BSCAPEMBNT. 
Nbas the ^riphery of the escape wheel (A), 
and lying in a plane parallel thereto is a lever 
(BB.) Oneachsideof the fulcrum on which the 



The action of the parts is as followi : — ^By 
the motion of the balance wheel the ruby pin g 
on the roller / (best seen in Fig. 2) engaging 
in the fork lifts the fork end of tho lever and 
permits a tooth of the escape wheel, which 
was bearing against the piu a on the lever in 
Fig. 1, to escape, the said tooth btiog arrested 
by the pin e, which, by tho motion of the 
lever, has been brought within the range of 
the teeth of the escape wheel pictured in 
Fig, 3, It is by the lilting of the lover, and 
the permitting of a tooth of the escape wheel 
to escape, which was bearing against the pin 
d, that motion of the escape wheel is per- 
mitted, and t« cause the striking of a tooth 
against the edge of the recess in the roller. 
On the return motion of the balance wheel 
the pin g on the roller / communicates a con- 
trary motion to the lever, allowing the tooth 
which was bearing against the ruby pin e to 
escape, and the next tooth before it to bear 
against the ruby pin d (Fig, 1.) The motion 
in this cose being very slight. The balance 
wheel starting on its second advanced motion 



Fig, 3 




1 impulse as already 



—The escape-wheel //as twelve teeth onhj. 
lever works, is a three-cornered ruby pin d i receives the second i 
and e. The two pins being situated at a dis- described, and so on, 
tonce fram one another somewhat less than The shape of the surfaces of the ruby pins 
that between the two adjacent teeth of the d. and e on the lever B B, against which the 
escape wheel. [ ends of tho escape wheel teeth act, is such 

The aiis of the balance wheel carries a roller , that the said teeth in escaping under the pins 
(C) somewhat similar but smaller than the d and e give tlie impulse to the lever in the 
roller of a chronometer escapement. The said \ required direction, although the balance wheel 
roller having a recess or depression, in which is started by the raain impulse received on the 
the teeth of the escape wheel enter and strike ! recess of the roller C. The result is that the 
against one edge of the said depression, and I escape wheel retains all its power, such as it 
give consequently the required impulse to receives from the main spring, and uses it 
the balance wheel. 

The end of the lever (B B) forms a fork 
nnulflr to that of a common lever, and is 
guided hj B roller like an oidinaty lever. 



both upon the balance wheel itself and the 
lever. The essay of the described new escape- 
ment is most satisfactory. 
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Jitttiira to thi[ (gditor. 

All letten to be addressed to the Editor, at the 
Institate, 35, Northampton Square, E.G. 



Sir, — The constantly -increasing nnmbers 
of keyless watches now being made in this 
country, and the consequent adoption of the 
going barrel movement, deserves more atten- 
tion than the subject has hitherto received. 
I think we ought not to drift into a change 
so great as the substitution of the going barrel 
for our good old servant the fuzee without at 
least having the respective merits of the two 

. systems thoroughly discussed and properly 
understood. I will, therefore, notice a few 
of the points in which I think the going 
barrel watch inferior to the fusee, and our 
adoption of it a step in the wrong direction, 
bearing in mind that I am speaking of the 
English movement as it is at present made, 
or Swiss movements made on the same model, 
many of which are completed here and sold 
as English watches. Your correspondent, 
''Lemas,'* in your last month^s Journal 
(suffering no doubt from some of the evils 
of our new manufactures), says, " English 
going barrel watches, either keyless or not, 
usually have a small barrel — so small that 
when a mainspring of sufficient force to ob- 
tain a moderately large vibration is put in, it 
will scarcely go over 4^^ turns;" but this 
spring ** of sufficient force " of 4 J turns would 
be quite long enough for a fusee watch, as 
three turns of the chain on the barrel would 
give 4 J on the fuzee (the usual number), and 
leave a turn and a half for adjustment and 
spare spring ; indeed, fuzee watches are 
usually arranged for less turns of the spring 
than this in the barrel, but *'Lemas" says 
we ought to have a spring much longer, and 
other competent authorities agree with him 
So then the first requisite of a good going 
barrel watch is to have a spring at least one- 
third longer than what I have shown is more 
than sufficient for a fuzee watch, and as the 
stop-work must be let into the top or bottom 
of the barrel the width of the spring is dim- 
inished by the thickness of the stop-work, 
which will be found nearly a third the width 
of the spring. It is, therefore, very easy to 
calculate the difference between the motive 
power of the going barrel and fuzee move- 
ments with equal height of pillars. 

I am aware of the loss of power by the 
diminishing circumference of the fuzee and 
the friction of its pivots, but no practical 
English watchmaker will assert that this loss 
is comparative to what I have pointed out in 

. its new rival ; nor do I agree with *' Lemas *' 



that much can be gained by making the 
barrels larger; the fact is, the barrels are 
usually made as large as the movement will 
admit of; but with our notions of good 
watches requiring large and heavy balances, 
we try to keep the size of the balance to 
going barrel watches approximating to that 
of our old models, and the consequence iv that, 
springs too short must often be used, and 
this want of power is so much felt that the 
barrels arc made so thin they dare not 
be gilt, and the first jobbing operation they 
undergo the chances are that they will be 
rendered useless. Again, the gathering piece 
of the stop-work — a very poor affair compared 
to the strong stop of a fuzee watch — ^is 
worked so close to the thin hole in the barrel 
where there is no room for an oil sink, that 
the oil is drawn away immediately. Even 
with the greatest care it is impossible for this 
movement to give anything like the satis- 
factory results obtained from good fiizec 
watches ; nor will they last half the time. 

It will surely not be contended that it is a 
sound principle of mechanics to waste so 
much power in so small a machine as a watch. 
But I may be asked, Why not adopt the Swiss 
movement, and by letting the barrel through 
the pillar plate get as much height of spring 
as we require? As I have stated, I am 
speaking of the movement as we make it at 
present, but should we ever find it necessary 
to imitate the Swiss in this matter, I think 
there would be grave objections to cramp the 
room for our escapement and balance by re- 
versing the centre wheel, as well as to the 
ugly look it has. It would also be necessary 
to adopt some new and complicated winding 
work to the top plate; but the greatest 
objection to the going barrel still remains to 
be noticed. Nothing that can be called a 
main spring adjustment has ever yet been 
obtained from it, nor do its advocates pretend 
they can obtain it. 

FUZEE. 



SiE, — I do not wish to re-open the argu- 
ments, '* Fusee v. Going barrel," but having 
read last month's Horohgical Journal^ I am 
induced to writo to you. Unless it is done to 
make the great mass of people, who are entirely 
ignorant of watches and watchmaking, believe 
that it is better to have a fusee and chain in a 
watch than not, I cannot sec any reason why 
watches should be made with fusee ; everytliing 
that reasonably can be expected from a watoh 
can be made without fusee, and a watch with- 
out a chain has certainly the advantage of 
not getting out of order from fault in the 
chain, besides, if the maintaining power 
in a watch with fusee is out of order, the 
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watch actually goes backwards during wind- 
ing. I have a watch here now with- 
out fuseo, which has not been moiie as n 
Rhowpiece, hnt i'* of the ordinHTy manu- 
facture ot Messrs. Mouline nnil Lcgrandroy, 
Geneva, it has been tried ot the Observatory 
in Geneva, and I enclose you the rate of its 
going every day trom the SUt of June, 1873, 
till the 1st of August, 1873; you will And the 
result is that the average gaining is one second 
and 1^ of a second, the average variation is 
-,V of a second, and that it makes absolutely 
BO difference between hanging and lying. 
The watch is a lever minute -repeating keyless, 
corresponding to an English seventeen size 
watch, jewelled in ten holes, breguet balance- 
spring, steel escapement, short lever, the 
baloace large, and the vibrations 18,000 per 
hour. CHRISTIAN LANOE. 

99, Strand. 



Sib,— I have often wondered how long n 
really good spring will wenr, and although the 
([uestion may not be of much value, still 1 
think the subject an interesting one. 

I know your columns arc always open to 
anything bearing on the subject of Horology, 
and if the question stirs up the spring-makers 
and tends to improve the mainsprings of our 
day, it will not haTC been a waste of time. I 
F^nd you herewith a mainspring that has been 
in constant wear 27 years. I also send a 
paper taken out of tho case of the sume watch 
that will show who put it in. Perhaps some 
fif your readers, if you think it worth while, 
can give more information on tho subject. 
J. EL.\CKHURST. 



Sra, — I was very pleased to see the remarks 
of your correspondent from tho Vienna Exhi- 
bition respecting the "marvellous rates" of 
watches tried at the Swiss Observatories. I 
am sure the English manufacturer would not 
fear the result of testing his Fusee Watch 
with the best -going barrel work that Switzer- 
land or any other country can produce. The 
result of rigid trial at our own Observatory, 
such as our chronomatcrs undergo, would no 
doubt give the foreign watches a veiy different 
rate. I trust the mutter will bo taken up by 
stiToe of our leading manufacturers. 

TRIAL. 



Protessob Joseph Heski-, of tho Smith- 
sonian Institution, announced, on the 18th, 
the discovery of a new planet by Professor 
Watson, of the Ann Harbour, Michigan, Ob- 
servatory. It was made last Sunday night, 
2.5 hours 2 minutes right ascension, 2 degrees 
40 minales declination, small motion south, of 
the elcr«nth nugiutiide. 



[Mr. Mateh desira fcs to slate tknt his 
pnsi/ioH as Editor of the JornsAi, terminnlfd 
wit/i t/ie production of the Attffttat Niimber.'^ 

"S. L." — AUofher things being equal you 
caidd Korcdii exmd an increase in the nrc of 
vibration mmpS/ by mlfsliiiiiing n Breguet 
spring for the ordinnrij votitte.. 

A tiiore detailed deserijtlion of the dock 
metdioned bg your eorresptrndetii with a peii- 
dtdian held by a figure awa apparently d^ached 
from the works would, I believe, be read mth 
interest by the trade in general. — OsrsPaoBANDr. 

R. P. Waltham. — Tes. Deiiison's dmible 
three-l&jged gruvHy escapement has been sue- 
cesufnliH applied to reguUttors. We should not 
think the question of cost had anything to with 
the adimtion of Oie zitic and steel penduhiin for 
the Westminster dock. I^-obablg Mr. Bent- 
son exped^d quite as good timekeeping from the 
zinc and steel a-i from the ■merrurial pendulum, 
and mialnly the result has fulfilled Ala anlid- 
pat ion. 

An Appbextici!. — There is no fee or cJiarge 
whatever Jor exhibiting toork at the Institute 
in the Noventber Exhihition. 

" ST. B." — A simple and effeclual inode of 
removing the didl appearance of the mercury tu 
the glass Jar of a pendulum, of which ymi cmn- 
]itfiin, and bniigijig back its former lustre, is to 
fasten a piece of toasli-leataer to a stick and 
stir round the. mej-cury with it, pressing the 
waslt-leatlter against the inside of the jar. 
Unles-i the mercury coiifaitis grit or other 
foreign maiier, fm>wing tlie above directions 
will give you satisfadion. If the mercury is 
mixed with dirt it may he necessary to empty 
it from the jar, and pour it badi again througli 
a wood or paper funnel havi)ig a very snutll 
ottlUl ; in foci, oidy a pinhole, when the mercury 
will rim through and the dirt remain. 

James Gowas. — It is hardly correct to say 
the hall-mark for Scotland is totally distiud 
from that used in England. Tlie hall-mark of 
the Chldsmitlts' Company of Ediiibiirah con- 
sists of a castle, a thistle, a kller of the alpliaJiet, 
and the Queen's head. The Goldsmiths' Com- 
pany of Glasgow use a tree, with a fish, birdy 
and bell, a lion rampant, a letter of tlie alphabet, 
ami the Queen's liead. The Queen's head is 
the inark sup^ied by Qovernment to all the 
a-isay offices in the United Kingdom, and the rest 
of the 'mark varies with every company. Tlie 
castle in tlie Ediidmrgh mark, and the tree, 
Jish, and bell in the Wasgow mark, conditute 
the anns of the respeiiiiie cities, and the letter 
of the alphaiei is changed every year to enable 
the c&iiipunies (o decide the yeiir in tvhic'i any 
^ particwar piec6 of plate lUiis muvVwl. 
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THE COMPULSORY REGISTRATION OF VALUABLES. 

HOWEVER disproportionate the charge for registering and the benefit conferred by the 
registration of letters, no complaint was heard so long as the registration woa optional. 
It was simply a matter of agreement. The postal authorities said, in effect, *'I£ you 
pay us an extra fee we will use extra vigilance to secure your letter against loss, at the 
same time should it be lost in spite of our care you must not expect us to reimburse you." 
But the moment that registration upon these terms is made compulsory a grave anomaly 
is introduced such as would not be tolerated in any monopolist corporation unconnected 
with Government; and although the official circular recently issued is not very clearly 
expressed, we must assume that this compulsory enactment is to be enforced. The 
sole argument adduced by the postal authorities is that letters containing valuable 
articles, if left unregistered, offer a temptation to those engaged in the transmission of the 
letters, to which they ought not to be subjected. Surely those engaged in the Post 
Office are not less honest than the majority of their fellow men. Is it not possible that 
the low rate of wages given to the letter-carriers and others handling the letters 
surrounds them with an unnatural temptation? However, admitting that there is a 
just cause for demanding an extra fee on account of the extra supervision required 
over letters known to contain valuable articles, the amount of the fee at present 
demanded is altogether excessive. Actually four times as much as pays the carriage 
of an ordinary letter ! It is a fetter upon the transmission of small articles of jewellery, 
&c., that will be severely felt by many members -of our trade, besides the annoyance caJised 
by the uncertainty as to whether any particular article comes within the category of 
'* valuable articles." But the amount of the tax seems still more out of proportion to the 
benefit conferred, when we consider that the Post Office does not propose to give us 
security for our money. "What would be thought of a railway company who demanded 
five times the usual carriage on account of the extra value of the articles transmitted, 
and then coolly refused to be responsible in case of loss? The position of the posta 
authorities is clearly untenable. 

The North of England Horological Society have memorialised the members for Leith 
and Gbucester (Kr. Kacfie and Mr. Tait) to use their influence with thfi postal authorities 
so that the registratitm fee should bear a ratio to the value of the article transmitted, and 
that the Post Office authorities should hold themselves liable in case of loss. By the 
courtly of Mr. Beid, the president, we are favoured with a copy of the memorial, which, 
after thanking the members fer past services, and pointing out the inconsistencies of the 
present system of registration, says — '' If the postal authorities will make the regulation 
of letters an assurance against loss, we have no objection to insure according to the value 
sent, say small sums of money or valuables of 6s. and under 10s., one penny ; 10s. and 
under SOs., twopence; 20s. and under 40s.| threepence; and so on according to value 
stated. We feel confident that if this plan of assurance was adopted by the Post Office, 
it would not only be a source of increased revenue, but there would be no need for 
compulsion, as everybody having valuables to send would only be too glad to avail 
themselves of the privilege thus afforded them." 

The proposition of the North of England Horological Society is not original ; but it is 
reasonable and workable, and, unless the postal authorities remodel their eonditions of 
registration in the interim, no doubt shadows the scheme that will be pressed upon the 
notice of the (Government in the next Session of Parliament. 
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MEASURING TOOLS FOR LEVER ESOAPEHENT. 



8oH£TniE ago I was mncli amueed by hearing 
two eecapemeEt makers diBCusaing the angle 
wliich they made their eacapementB. One 
used pallets of 10°, while the other preferred 
them of 12°. The former made the roller and 
lever of such proportionB as to produce 30' of 
impulse at the balance ; while Uie lattermade 
them to produce 35°. How they arriTcd at 
this concluaion I don't know, for I have since 
ascertained that in making an escapement 
they turn a piece of steel for the roller to the 
size of a hole in a piece of brass used as a 
gauge, which also baa holes of various sizes 
for different sized escapements. A hole is 
then made for the ruby pin near the edge, a 
piece of lever steel is then taken and a hole 
made in it for the pallet staff, and from that 
hole a place is marked for the guard pin, from 
a gauge made of brass, on which the several 
distances are marked for levers of various 
'sizes, and in pitching the escapement the roller 
depth is determined by the guard pin just 
freeing the bottom of the roller crescent. 
According aa the crescent is deep or shallow, 
fio the depth of the roller is ; they then tell 
you that an escapement made in this manner 
has 30" or 35° of impulse at the balance, not 
knowing what the lifting angles of the pallets 
arc, although they believe them to be 10° or 
12°, but of which they should be quite sure 
before commencing to make an escapement. 
They both agreed that a double roller escape- 
Fig. 



ment was far superior to one with a single 
roller, although they did not appear to know 
how the superiority of result was produced, 
as they used precisely the same proportions, 
but why they used these proportions they 
could give no reason, nnlees it were that 
those before them had used the same, thus 
showing how limited was their theoretical 
knowledge of the escapement. And this leads 
me to the conclusion that sufficient attention 
is not given by escapement makers to the 
lifting angles of the pallets, especially as on 
them depend the proportions of the roller and 
lover. Perhaps it may be due to the want of 
an instrument that will accurately measure 
the pallet angles. If such is the case, I think 
the -Tont might be supplied, as many in the 
trade, when they come to consider the neces- 
Rity for such an instrument, would at once set 
to work to supply the want, and not remain 
content with the system bequeathed to them 
by former generations. I am not bo presump- 
tiouB as to dictate to the trade, as I have no 
doubt there are many makers who, by a plan 
of their own, obtain an accurate measnrement, 
but I «till contend it would be a great booa. 
to the trade to have a standard tool for their 
guidance. It is with that view I have roadcs 
these observations, which, if you think wil 1. 
interest your readers, 1 will further illustrates 
by describing the method I adopt to ensiu~£: 
the correct measurement of an escapement. 



Mr. Gro 



lever escapement, informs us that the lines a 
and h (Fig. 1) represent tho lifting angles of 
the pallet, that is to say, the wheel in passing 
over the pallet plane moves the pallets the 
number of degrees those lines embrace. Kow, 
with all due respect to so high an authority, 
I submit that isnot the case, because the wheel 



Ilia prize essay on tho | starting from the comer o of the receiving 



pallet passes over the plane and ie diachoi^ 
at point d, which is 2° leas than that embraced 
by lines a and b, as shown in Fig. 1 , on refer- 
ence to which it will bo seen that the lino b 
fonns a tangent to the wheel, therefore the 
wheel cannot move the polleta to point «. 
I ivill now, in tho nret place, describe a 
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have made for mBaaiiring correctiy the 
angles of tlie pallets. In Fig. 2, a a 
3dU a plate made of German nlrer 
rted on three feet). 6 6a lerer made 
pered steel and firmly fixed to plate a 
the centre, c e ia a lever thicker than 
i, and the sides of which are in a straight 
centre (I (round which it revolves 150°), 
ioh the palleta are held by a centre 
acta spring-tight through upright e. 
aeaaure the receiving pallet, one side of 
er c C is brought against the discharging 
and forces the pallet round until the 
ag comer ia brought level with the iu- 
ce of lever 6, which is determined by 
apement fixed to one side of lever i, 
Mch is constructed in the following 
r : fj represents two uprights screwed 
I lever b having holes through them 
I to the lever, through which passes a 
) tnnied and carefully fitted, having at 



one end a spring (A), forcing it towards the 
centre ; to the middle is fixed a ^ring (t), 
which laps over to the inside face of lever b 
and presses close thereon ; the end of spring 
(t) is forced against the locking plane of the 
paUetbyspring A, BO thatwhen lever enforces 
the pallets round so as to bring the locking 
comer level with the inside face of lever b, the 
spring i escapes down the plane and the lift- 
ing angle of the pallet is registered on the 
outer circle of the plate (which is engraved 
to show degrees) less 2°.* 

To measure the discharging pallet an es- 
capement similarly conBtruct«d is fixed on the 
other side of lever b, with this difference, that 
the rod g instead of being forced towards the 
centre by spring h ia forced from it, and there- 
fore the point of spring i is forced against the 
locking plane, so that when the lever c c is 
brought against the discharging comer and 
forces the pallets round until the receiving 




is level with lever 6, the spring i es- 
tovn the plane and the lifting angle of 
Mharging pallet is registered on the 
ircle of the plate less 2°. 
w, in the second place, will describe a 
I have made for measuring correctly 
ing lengths of the lever and roller, and 
tlwr p«t8 of watch work. 



presented by Fig. 3, is made of German sil- 
ver, and is on the principle of the sliding 
gauge, and is engraved to measure the O'OOl 
of an inch. The body aa ia S^ inches long 
by f wide, and on one side is screwed an edge 



■ It will of oouTse b« nnttentood that tlil* tllow- 

, ^„^ o( 2° is aaBuiniiig t]i« 'scape whe^ to Iuits Uie 

It is re- ' unal number of 16 t«tb. 
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(b b) dovetailed on the iimer ddo, under which 
the elide c c (which is 4^ long hj i wide) is 
kept by spring d d d, thereby acting spring 
tight. At right angles and near the end of 
b^y a a is a jaw (p) firmly screwed on, 
through one side is a hole corcfiilly and 
smoothly bored, through which centre J is 
carried at right angles to the body. In the 
centre of this jaw is a bar of steel with a 
screw at oach end ; one holds a plug acting 
through a hole on centre f, for the purpose of 
fixing it in any position required by the action 
of screw g pressing on the bar, and so forcing 
the plug on centre f, and thus firmly holding 
it, while the pother is used as a regulating 
.^^ )ilUfi L mM Fig. 



screw, and keeps the bar parallel to the jaw. 
Secured firmly on the slide c c is another jaw 
similarly constructed, and which also carri^ 
a centre / at right angles to the slide, so that 
these two centres act parallel to each other. 
"When the slide c c is moved backward or for- 
ward, so the centres recede or approach, and 
when one centre is moved as close to the other 
as it will go they are 0'077 of an inch apart, 
the diameter of each being 0-60 of an inch, 
gives about 0-008 of an inch from the inner 
side of the jawa to the holes through which 
the centres pass. It may be said llist this is 
too weak to he sound, that it might give a 
little at the ends and so impair the accuracy 




of the gauge ; but this ia guarded oguiust by 
a thick bar of tempered steel (w) screwed on 
at each end of the jaw, and through which the 
centres tightly pass, thua giving groat strength 
to the holes. In measuring by these centres 
the distance of centres must he allowed for. 
For instance, if it is required to measure the 
inner diameter of a barrel, one centre is placed 
in the hole while the other is brought to bear 
on the inner edge ; and, for example, say it ia 
found by the scale to measure 0-3 of an inch, 
which is its semi diameter, therefore its dia- 
meter will be 0-6 of on inch by the scale, and 
allowing for the distance of centres, which is 



0'077, its actual diameter will bo 0'523 of an 
inch. To measure the outer diameter, which 
can bo done by laying the barrel on flie body 
of the gauge and pushing the slide up against 
it, BO as to fix it between the jaws, which wUl 
at once give the correct measurement, or by 
placing one centre in the hole and bringing the 
other to the outer edge the semi-diameter is 
obtained, as for example, sayO'SSO of an inch, 
its diameter therefore by the scale, will bo 
0'640; and allowing for diatunce of centres, its 
correct measurement will be 0-563 of an inch. 
To measure parts loss than 0-77 of an inch, the 
other ends of the centres can be used on which 
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are fixed heads; their forms, as will be seen by 
the engraving, are semi circles, so that wh^n 
closed by the slide they form one centre ; or 
by removing one of these centres and putting 
centre h in its place, which has an arm at one 
end in which a scoring centre is fixed, the 
point of which (when the gauge is closed) co- 
incides with the other centre. The use of this 
centre is that any measurement can be made 
without allowing for the distance of centres, 
thus obviating a second calculation. 

I may here mention that the slide c c is 
piercod by a notch y two inches long, which 
coincides with one m the body a a, for the 
purpose of allowing pinions to pass through 
while measuring the diameters of their wheels, 
which is done by placing the wheel between 
the jaws and fixmg it by slide c c, thus giving 
its correct measurement. 

To measure the acting diameter of a roller, 
ceatare k is used, on one end of which is fixed 
an aim with a small hole in the end, and 
when the gauge is closed this hole coincides 
-with the point of the other centre, the hole 
in this aim is then placed on the balance staff 
lower piVot, and the slide o c is moved so as 
to hring the other centre across the ruby pin 
(the etotre of which can be determined by 
gmearing the end with wax), its acting 
jKa^uiter is then registered on the scale to 
tike 0*001 of an inch. 

To measure the acting length of the lever 
the distettce between the balance staff hole 
and the pallet staff hole is measured, from 
whic& b deducted the acting length of roller, 
the xelnainder being the length of the lever — 
sajv ftir example, the distance between the 
holes is found by the gauge to be 0*2 of an 
ipoh and the actmg diameter of roller is 0*05, 
then 0*2 — 0*05 = 0*15, which is the acting 
length of the lever; and by measuring the 
palistB as above described, and which, say, 
for example^ are found to be 8°, the impulse 
at the balance would be KW^ = 24°, and 
with palletsof 10° would be ^'^o^^^ = 30°, and 
with pallets of 12° would be ^'^^ = 36°. 
And again, if the distance of the holes be 
0*22, and the acting diameter of the roller 
is "055, the acting length of the lever would 
be 0-22 — •055 = 0-165, and with pallets of 
8° the impulse at the balance would be 
i>.-^;jji = 24°, and with pallets of 10° 
would be ^'^fif^;^ = 30°, and with paUets 
of 12° would he^'^f^;^ = 36°. 

This guage may be used advantageously 
where a new lever and roller are required to 
be made. The distance between the balance 
staff and pallet staff holes should be measured, 
and which, for example, say, is 0*212 (about 
the distance they are apart in a 12 size 
watch), which must be divided into two 



parts : one part for the acting length of lever, 
and the other for the acting diameter of 
roller. The relative proportions of these 
parts must be (with pallets of 8° and an 
impulse at the balance of 30°) as 8 is to 30. 
Then 

Let a;= 1st part 

0-212 — a;=2nd part 

: X : 0-212— a; :: 8 : 30 

30a;=l-696 — 8x 

38a;= 1-196 
Therefore a; = 0-044 which is acting diameter 
of roller, and 0-212 — 0-044 = 0*168 which is 
the acting length of lever, and for an 
impulse at the balance of 35° the proportion 
will stand thus 

: X : 0-212 — a; :: 8 : 35 

which gives 0-039 for length of roller, and 
0-173 for length of lever. 

It will be seen by the foregoing examples how 
important a part the lifting angles of the pallets 
play, and how necessary it is to know them before 
commencing to make an escapement, as a varia- 
tion of 1° in their amount is multiplied two, 
three, or four fold at the balance. 

I believe there are many escapement makers 
who give this but little attention. They act 
under the impression that the pallets are a 
certain angle, and rest satisfied, and make 
lever and roller the same proportions in all 
cases, which accounts for many errors found in 
escapements, some will rest, others will have too 
much run on the pallets, while some will hare 
too little, and a variety of other faults with 
which a good examiner is well acquainted. 

I attribute this to the want of proper tools 
for correctly measuring the different parts. 

Allow me to suggest in conclusion the great 
advantage that would accrue to the trade from 
standard gauges, the inconvenience arising 
from the want of such gauges is so continually 
felt by all branches of the trade, that the 
suggestion carries its own argument. 

Were the Council of the fiorological Insti- 
tute not only to use its powerful advocacy in 
favor of such an arrangement, but take the 
initiative by causing such gauges to be placed 
before the trade, I believe, they woidd be 
readily and favourably accepted with advan- 
tageous results. 

I would further suggest, that a means to 
this end would be by unlimited competition in 
the invention of such gauges, and for the best 
of which a small prize might be awarded by 
the Council. 

Should the few remarks I have made at- 
tain the dignity of criticism, I trust your 
correspondents will favour us with their views • 
in clear and concise language, so that some 
practical result may follow. 
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THE WESTMINSTER CLOCK. 



The members of the Horological Institate 
had the benefit of a secoDd visit to the king 
of clocks in 'Westminster tower on the 14th 
October, and a large number of members 
both from London and the country availed 
themselves of the opportunity. 

The day was beautifully fine and clear, a 
marked contrast to. the two preceding days, 
and rendered the visit one to be remembered, 
not only from the interest attaching to the 
inspection o^ the clock, but from the delight- 
ful view that was obtained from the belfry 
and from the lantern above ; a view that for 
its real beauty, its inherent interest, and the 
grand and varied character of its surroundings 
can scarcely have a parallel. 

Just below wound the majestic river, one 
of the principal sources of London's greatness, 
sparkling and glancing in the light, with the 
rapid steamers flitting to and fro. The splen- 
did hospital recently erected on the southern 
bank, with its glittering windows reflected in 
the passing tide. The grand boulevard of the 
Embankment, which has so vastly improved 
the north bank of the river that one longs to 
see it paired on the other side, leading away 
eastward. The huge bulk of St. Paul's Ca- 
thedral, dwarfed in tbe distance but clear as a 
gem, charming the eye by its pure proportions 
and graceful contour. The hills on which the 
Crystal Palace glows, stretching along towards 
the south-east in a delicate haze. More 
northwards the green swards and leafy trees 
of St. James' s-park, with all the noble build- 
ings that surround it, showed clear and dis- 
tinct ; while more westward a cloud of haze 
and smoke drooped like a veil over the scene, 
permitting, here and there, a glance as tower 
and spire pierced through its hdf concealment. 
Nearer us lay the ancient Abbey, in calm 
grandeur, the casket of the nation's history ; 
and just beneath us, in isometric plan, were 
the Houses of Parliament and the great and 
noble hall which forms their vestibule, round 
the gate of which were already clustered the 
nucleus of a gaping crowd, awaiting the hour 
of four to see and cheer that huge gross bulk, 
the cynosure of a trial, that, whichever way it 
terminates, if it ever does, is a disgrace to our 
legal system. 

But our business is not with the outside, 
though the glorious day has tempted us to the 
prospect ; our duty and the real attraction of 
our visit is the inspection of the clock whose 
poises throb so solbly yet so healthily within, 
and whose far-reaching voice tells of the lapse 
of time, with such unerring truth that wlule 
it warns us of its rapid pace it cheers us in the 
hope of future hours of peace and pleasure. 



The place where the present clock tower 
stands has been for more than 500 years the 
site of a great public clock. About the year 
1365 there was a stone clock tower erected 
here by order of Edward III. The clock, 
which it contained, struck the hours on a great 
bell heard in the courts held in the hall, and 
even in the City of London itself in calm 
weather. There were also other large bells in 
the tower, rung on triumphal occasions, coro- 
nations, and other great events. In the reign 
of Henry YI., a clockmaker named Thomas 
received a salary of 13s. 4d. a year to superin- 
tend the clock, and from the accounts of the 
prices he was paid for certain of its repairs, 
&c., it is clear that its cost was but a trifle 
compared with that of the present great one, 
on which, from a statement of Mr. Cowper in 
1860, it appeared that £20,300 had been ex- 
pended and a further sum of £1,750 was in 
course of disbursement. This enormous cost 
does not, however, represent the actual cost of 
the mere clock, which was £4,080, being Mr. 
Dent's outlay, with ten per cent, profit, but 
was incurred in the thousand and one lets and 
hindrances, suggestions and oppositions, doubts 
and difficulties, experiments and failures, inev- 
itable in producing any great national work in 
this country. The first notice of the intended 
clock was in a communication, dated 29tli 
March, 1844, from the architect of the Houses 
of Parliament to Mr. Vulliamy for specification 
and plan for one to strike the hours on a bell 
of from eight to ten tons, chime quarters on 
eight bells, and show the time on four dials of 
30 ft. each in diameter. The present clock 
was ultimately set going in 1859, after waiting 
four years for the tower and beUs, but not 
fully completed till 1860. 

To go over the whole details of the corre- 
spondence and of the plans and specifications 
that were made would be of no use for our 
present purpose and tedious in the extreme. 
Suffice it to say, that ultimately Mr. Dent was 
asked to undertake the task, which he did. 
In 1852, however, he died, and as his suc- 
cessor, Mr. P. Dent, had more taste for the 
production of delicate chronometers than such 
heavy work as this great clock, Mr. Denison, 
Q.C., undertook to design and superintend its 
construction, and notwithstanding opposition 
and discouragement, at length produced the 
finished marvel of horology. 

The rate of the clock has been stated by the 
Astronomer Eoyal to be certain to much less 
than a second a week. Mr. Ellis, of the Boyal 
Observatory, also says there is no clock in 
Greenwich which keeps time so well as Mr. 
Denison's clock in the Houses of Parliament. 
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Another account gives its rate as being one 
second in ten days ; and it is reported as 
having been only three seconds wrong on two 
per cent, of the days of observation. 

The frame, which carries the works of the 
clock, is 15 ft. 6 in. long, and 4 ft. 7 in. wide. 
The going part takes up about two feet of 
this width. The back of the frame is 2 f c. 
5 in. from the west wall of the room, which 
is 28 ft. by 18 ft., and the clock lies on the 
north and south walls of the weight shaft, 
which is 174 ft. deep. The floor of the room 
is 2i ft. below the top of two iron plates, 
which cover the walls, and, spreading out 
behind, are built into the wall to prevent 
any endway motion of the clock frame, which 
is bolted to them. The pendulum cock is a 
large piece of iron framework cast in one 
piece and built into the wall independently of 
the clock frame. The pendulum chamber is 
of sheet iron in the weight shaft to keep off 
the wind, and can be entered by means of a 
trapdoor and ladder. To alter the clock by 
any less quantity than four seconds or two 
beats of the pendulum, a collar is flzed on the 
rod 4 ft. 10 in. from the top, to carry regu- 
lating weights : 1 J oz. placed there accelerates 
the pendxdum one second a day. There is 
also a large weight of about 6 lbs. fitting 
round the rod so that it can be removed. If 
the clock is too fast this being removed will 
retard the rate one second in about fifteen 
minutes ; or it may be set forward by laying 
on a similar weight. K necessary, it can be 
set forward four seconds by lifting the pallets 
and letting it trip one beat, and then reduce 
it by taking off the weight lying on the 
pendulum. 

The weight of the pendulum is 685 lbs. 
altogether. Its total length 14 ft. 5 in. The 
zinc compensation tube is 10 ft. 5 in., and is 
made of three tubes, one within another, and 
then drawn together. It is about half an 
inch thick; The centre of gravity of the 
bob is about 8 in. below the centre of oscil- 
lation, owing to the weight of the compen- 
sating tubes. The pendulum spring is Vtr inch 
thick, 3 in. wide, and 5 in. long between the 
chops. It can be adjusted by nuts on each 
end of the upper pin to the centre between 
the pallet arbors. Six feet are left between 
the cock and the floor to enable a man to 
stand there and look square at the action of 
the escapement. 

This is the double three-legged gravity 
escapement, one of the simplest and most com- 
plete forms of escapement yet devised for 
completely isolating the pendulum from the 
Tarring pressure of the train. In large clocks, 
and especially so large a one as this, the mass 
of weight that has to be moved at each beat 



of the pendulum is so great as to require more 
force than would be safe to have act directly 
on the escapement; and if, by mechanical 
arrangements, it be modified Vithin a proper 
amount, there is still the variation of force 
resulting from thickening of oil. dirt, or other 
causes that would interfere with the equable 
application of driving force to the pendulum. 
In the double three-legged gravity escape- 
ment these things are all removed. The work 
of the train is simply to raise alternately on 
either side of the pendulum-rod the pallets 
which drive the pendulum. These pallets lie 
on different parallel planes, and swing on 
pivots near the top of the pendulum. At 
their lower ends they have each a pin at 
right angles to the plane in which they work, 
by which the pressure of their weight is 
allowed at the proper time to bear on the 
pendulum-rod. The escapement consists of 
two locking wheels, each with, three legs like 
the Manx crest, they are fixed one behind the 
other, wide enough apart for the pallets to lie 
between them, and there is one set of lifting 
pins. These pins alternately lift the pallets 
into a position in which one of the legs of the 
locking wheel engages a stop on it. On the 
swinging of the pendulum to that side it 
touches the pin projecting from the pallet, 
and, lifting it a little, disengages the leg, 
which falls forward, till a leg of the other 
locking wheel engages the stop of the other 
pallet, which has been lifted to the opposite 
side by the lifting pin, and is kept there by 
the leg as before. That pallet which had 
been first lifted now rests with its weight 
pressing on the pendulum rod by means of its 
pin, and, having first checked its swing a 
little, assists it on its return, supplying just 
the needful force to keep it going. On its 
swing to the other side the same process is 
repeated, and so on. The pressure of these 
arms is equal in amount to the fall of one 
ounce from a height of A inch ; that of the 
'scape wheel teeth or *' legs " on the stops of 
the pallets is 4 oz. ; in an ordinary dead beat 
escapement it would have been above 4 lbs., 
and in some forms of escapement as originally 
proposed for this clock it would have struck 
the pallets a blow each time of about 7 lbs., 
which would have been a resisting force on the 
pendulum throughout its vibrations. When 
it is considered that a clock is simply a ma- 
chine to count the vibrations of a pendulum, 
how evident is it that the less it has any effect 
of its own on the pendulum the better for its 
time-keeping properties. A fly of about 1 1 in. 
by 2 in. in each vane is set on the 'scape 
wheel arbor with a silent ratchet allowing it 
to run forwards only, to check the bloAv of the 
legs on the stop pins. 
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As a inaintaining power wliile winding a 
very simple expedient is adopted. From the 
force to be overcome an auxiliary pinion is 
required which engages a wheel on the end 
of the barrel next to the great wheel. The 
arbor of this pinion reaches right across the 
clock frame, and it is put in gear in the usual 
way by sliding it through the bushes in which 
it works and which are made loose fitting. 
The arbor at the back is at the end of a loose 
bar which hangs obliquely from the back 
pivot of the barrel, and when the pinion is in 
gear, the turning of the handle would cause it 
to run over the wheel on the barrel like the 
old contrivance of the sun and planet wheel. 
The hanging bar has however a spring click 
on it, which engages a set of ratchet teeth 
on the back face of the great wheel, and which, 
while it lets them slip under when the clock 
is not winding, fixes in one directly the pres- 
sure is put on to wind, and becomes the ful^ 
crum for the bush at that end, thus transfcr- 
ing the force from the barrel to the great 
wheel and keeping it going still in the same 
direction. As the clock takes twenty minutes 
to wind, the great wheel during that time 
would pass through sufficient distance to make 
the obliquity of the winding arbor too great. 
This is prevented by an arm at right angles to 
the winding arbor and fixed to it, which, 
when about ten minutes have passed, catches 
against a pin on the frame and stops the 
winding. The man then lets go the handle, 
the barrel takes up the pressure on the great 
wheel, and the pinion drops back to its origi- 
nal position ready for a start of ten minutes 
more. 

The dials are 22^ ft. in diameter, nearly 
400 square feet in area, and consist of a cast 
iron framework giving the divisioiis and figures, 
and filled in with opalescent glass iV inch 
thick. The minute spaces are a foot square. 
The figures 2 ft. long. The minute hands are 
thin copper tubes of a section enclosed by two 
arcs of circles and strengthened by diaphragms 
at certain parts. These are set on gun metal 
solid stalks which form also counter poises, 
assisted by cast iron ones in the clock room. 
The tubular parts of the hands weigh each 
28 lbs., and each gun metal stalk nearly four 
times as much ; but its weight being near the 
centre is of less account. The total weight of 
each hand with counterpoises is less than 
2 ewt, whereas the original minute hands 
devised by the architect weighed each 6 cwt. 
Iqr. 

The wheels that strike the quarters have 
circular cams with hard steel faces, constructed 
to give the least possible friction and the 
freest drop for the lever. The pull is made 
upon wire ropes, and tHe direction changed by 



cranks in an intermediate chamber between 
the clock room and belfroy. The hammers 
are nearly 4V the weight of the bells. The 
fourth bell has two, because in one of the 
quarters the blow is repeated too quickly for 
the hammer to fall and be lifted again. The 
great striking wheel has ten cams 2i in. wide 
upon it. The cast iron head of the hammer 
weighs near 7 cwt., and is lifted 13 inches 
from the bell. Each striking weight is nearly 
a ton and a half, which is about half what 
would have been required if pins had been 
used instead of cams. 

The condition of striking was fixed that the 
first blow of the hour should be within a 
second of the true time. To meet this a 
special arrangement was required. An 
ordinary discharging lever is lifted by the 
snail on the hour arbor. It carries at its end 
the first stop of an arm on the third wheel 
of the striking train, which rests there at the 
last stroke of each hour. The second stop is 
on a short independent lever. Underneath 
lies another lever set on pivots on the crossbar 
of the great frame, and having its heavy end 
lifted and dropped every 15 minutes by a 
snail on that wheel of the escapement. Every 
time it drops it gives a blow on the second 
lever, which lifts it, but with no result until 
at the warning it has the arm of the striking 
train resting on it. At the fifty-eighth second, 
or one beat before striking, it is lot off, and 
the train has then time to get far enough 
forward to let the hammer fall within the 
proper time specified. The quarters are rarely 
more than two seconds from the right time 
at the first stroke, except the fourth, which 
is let off 20 seconds before the hour, so as to 
be finished before the hour should strike. 

The striking parts only go four days, and 
are therefore wound twice a week. Had 
they been made to go as long as the time 
train, no man could have wound them in a 
day, whereas now it can be done in a short 
day's work. Stops are provided which pre- 
vent him from winding when the quarters or 
hours are striking. 

The clock reports its time to Greenwich 
twice each day by electricity, and its rate is 
checked and recorded, and any error tele- 
graphed and corrected, by the means before- 
mentioned. The great bell sounds the Note 
E. Its diameter is 9 ft., its thickness 8f in., 
and its weight 15 tons 11 cwt. The quarter 
bells are respectively : Note B, 78 cwt. ; E, 
33i cwt. ; F sharp, 26 cwt. ; G sharp, 21 cwt. 

By the courtesy of Messrs. E. Dent and Co. 
(to whom, on the motion of Mr. Glasgow, an 
unanimous vote of thanks was passed), Mr. 
Gamman was present to explain the details of 
the clock, and to him we are indebted for much 
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r information. Owing to the very nu- 
18 throng of visitors and the smallness of 
lock-room, it was difficult to get near 
jh to investigate it thoroughly ; hut hy 
ag till many had gone we had the oppor- 
f of making a closer acquaintance than we 
one on a former visit, earlier in the year, 
lemorahle among the annals of our expe- 
) . The moral to be drawn from the whole 
at in all great works, simplicity of con- 
lion should ever accompany accuracy of 
and workmanship ; and that patience and 
nination overcome in time what appear 
insurmountable obstacles. 



Height of nnions. 

TB frequently been asked by watch- 
re how to obtain the height of pinions, 
'specially in very small scape pinions 
Bneva work. The following modes will 
and efficient: If the operator is pos- 
I of a Douzicme gauge, and supposing 
leight of a pinion is wanted, gauge the 
le of the plates (or if jewelled with end 
5, of the distance over the outsides of 

pieces), then with the same tool 
ire the thickness of each of the plates ; 
jt the sum of the two plates from the 
height over the plates, and the remain- 
nil be the height of the pinion between 
boulders, after allowing a little for end 
. If, however, such a gauge is not at 
when the height between the shoulders 

small scape pinion is required ; wet 
;ly with oil both jowellings and their 
mdings, after which, warm a small piece 
iliac so that it fills up the space between 
5wel holes, the shellac will, when cooled, 
sent the exact height required. 



Loose Fitting Dial Feet. 

ill often be found, in fact it very gen- 
r happens, that the dial feet of watches 
cry shaky in the plate holes, sometimes 
ich that the pipe of the seconds-hand is 
inger of being touched. A clean and 
way of correcting this fault is to drill 
small holes through the diameter of the 
rhere they should fit the plate, and then 
!; brass or copper pins, allowing them to 
ct beyond the diiuneter of the feet just 
^ to fill up the space between the feet 
he holes in the plate. The same treat- 
may be applied with advantage to pillars 
do not fit the upper plate in full plate 
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The Plate Lioence. 

A CASE has occurred at the Clerkenwell Police 
Court, since we last went to press, in its re- 
sults folly justifying our anticipation that the 
action taken against the retail jewellers by the 
Commissioners of Inland Revenue was based 
upon a wrong interpretation of the Plate li- 
cencing Act. 

Mr. Thomas Pickford, of 1 78, Upper-street, 
Islington, jeweller, was summoned before Mr. 
Barker by the Commissioners of Inland Re- 
venue, for having unlawfully sold a gold chain, 
weighing 2 oz. or 12 dwts., on ihe 11th of 
August, he only holding a licence to deal in 
gold plate under 2 oz. 

The representative of the Board stated that 
the prosecution was based upon the interpre- 
tation of the 5th section of the Act, that goods 
sold for gold or silver were to be deemed to 
be so. 

Mr. Powell, on behalf of the Inland Revenue 
Office, appeared for the prosecution, and called 
an officer who had purchased the chain, to 
prove that the chain was over 2 oz. 

Mr.' John Layton, who appeared for the de- 
fendant, said that his client contended that he 
was permitted by the 30th and 31st Yict., 
cap. 90, sec. 1, to seU any articles which con- 
tained less than 2 oz. of gold by virtue of his 
licence, and that the Act meant pure gold, 
and not a mixture of gold and base metals. 
He referred the magistrate to a recent decision 
in a similar case, which was heard before the 
Louth magistrates in August last, and called 
Mr. Wells, from Messrs. BuUer and Hutchin- 
son, of Bartlett's-buildings, the makers of the 
chain, and Mr. Marshman, of Clerkenwell- 
green, a working jeweller, to prove that there 
was not 2 oz. of gold in the chain. Both 
witnesses deposed to its being an 18-carat 
chain, and that it contained 1 oz. 19 dwt. of 
pure goldy and 13 dwt. of alloy, not gold, and 
that the price charged (£14) was fair and 
reasonable. 

The magistrate said that he was of opinion 
that the defendant had not infringed his 
licence, and dismissed the summons. 



The Turners' GompetitioiL 

The prizes offered by the Turners' Company 
brought forth some excellent specimens of 
turning in stone and ivory, of which we were 
favoured with a view by the courtesy of Pro- 
fessor Tennant, the Master of the Company. 
It is a matter for regret that not one worker 
in any of the precious stones was a competitor. 
The prizes — ^this year supplemented by a gift 
of £25 from Lady Burdett-Coutts — were 
distributed at the Mansion House by the Lord 
Mayor in the presence of a fashionable com- 
pany, on Monday, the 13th October. 
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THE DIAMOND AND OTHER PRECIOUS STONES. 

Bt M. BABINET, op the Institute of Frince. 
(From the "Smithsonian Report" for 1870.) 



SECTION II. 
Ip no more large diamonds should ever be found, 
it will be on account of their extreme scarce- 
ness, which recalls a saying of Tacitus with 
regard to the pearls of England: "It is 
rather nature that fails in their production 
than the avidity of man in their discovery." 
Hitherto Borneo has contributed no diamond 
of any considerable size. It is true, however, 
that the almost impenetrable forests of this 
equatorial isle have prevented a thorough 
research. A late number of the Journal of 
the Geographical Society of London gives 
about 2,000 carats as the annual product of 
the mines of Borneo, which have never yet 
yielded a diamond of 36 carats. The monop- 
oly of the government of Holland in this 
matter is found to be quite profitless, and it is 
probable that, as in Brazil, a considerable 
portion of the production is abstracted by 
contraband trade. 

The rank of a diamond can only be approxi- 
mately determined by its weight. If, for 
example, it is not of a beautiful water, per- 
fectly pure, colourless, and limpid, it cannot 
receive the title of sovereign. urthermore, 
if its lustre is not brilliant, it will have to be 
recut to render it perfect, and in this operation 
it will lose weight. The Regent and the 
Koh-i-noor are equal in beauty, but the 
Regent of 136 carats id more valuable than 
its rival, which has been reduced in cutting 
from 186iV carats to 1021* carats. The 
diamond of Tuscany is of an inferior color, 
a yellowish lemon. The great diamond of 
Russia is rather ill-shaped ; it is like a pigeon- 
egg cut in half, with facets over its whole 
contour. It is only a big stone, a spccis of 
heavy rose much too thick. If the Koh-i-noor 
and the Star of the South had been cut in the 
Sancy form, it is probable that with a brilliance 
equal to that oi the Regent they would have 
surpassed it in weight. The Star of the South, 
when I saw it in the possesion of M. Dufresnoy 
at the Institute, weighed 254^ carats ; but by 
injudicious cutting, I regret to say, it was re- 
duced to 127 carats. 

Permit me further to remark in regaixl to 
the Sancy form, that it always admits of a 
subsequent cutting into that of the brilliant, 
and is easily experimented upon. For this 
reason it is prudent not to sacrifice, until the 
last extremity, so much weight as must be 
lost in reducing a stone of the form of the 
Indian Brazil diamond by the ordinary cut- 
ting. I have seen at Amsterdam a model of 



the form which the latter would take by 
ordinary cutting. It will be like the Koh- 
i-noor, that is to say, not sufficiently thick for 
the size of its face. 

In comparing the English diamond with the 
model of 100 carats given by Jefl&ies it will 
be found that its extent of face is almost double 
what it ought to be for a diamond properly 
cut. 

It would be a curious spoculation to follow 
the future history of the Star of the South 
after having shone at the French Exposition. 
What name will this sovereign diamond 
assume ? Will it be Albeit or Francis Joseph ? 
The proud Americans, sagacious estimaters of 
all commercial values, vrill thev have the 
ambition to possess one of these rare produc- 
tions of nature? **How have you managed 
to put so immense a price on this pearl?" 
asked Phillip II of an eastern merchant. 
*' Sire, I knew there was in the world a King 
of Spain to buy it." 

Thus far we have said little for science in 
this dissertation, and yet precious stones, and, 
in general, all crystals, from their geometrical 
forms, their chemical and mechanical proper- 
ties, their weight, their color, their action on 
light, and their electrical qualities, they ail 
offer the most delicate as well as interesting 
applications of the principles of physics. 
Hauy convinced a crystal to be made up of an 
assemblage of minute parts of molecules, each 
having the same definite form. From a few 
of these elementary molecules, which he called 
primary forms, ho was enabled to build up all 
the forms which occur in nature, and in so 
doing he was led to inquire whether the same 
elementary forms might not give rise to more 
than one derivative form, or, in other words, 
whether the same substance could not crystal- 
lize in more than one form. Nature replied 
that she had anticipated his question by 
producing a specimen of the anticipated form. 
By the application of mathematicial analysis 
to the fertile conception of Haiiy all the forms 
of crystals which can possibly be produced by 
an aggregation of a given elementary form, as 
well as the forms which are incompatible with 
a particular elementary molecule, can be fore- 
told, and these predictions are, in all cases, 
found to be in exact accord with the actual 
facts of observation; while the chemist and 
the mineralogist are continually adding to the 
list of crystals of theoretically possible forms, 
in no case has one been obtained of an a priori 
incompatible form. 
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Hardness is an important quality by which 
Taluable stones are distinguished. In the 
cutting of the Koh-i-noor it was found that it 
required a whole day to produce facets which 
could be commonly formed in the course of 
three hours. It was also found necessary to 
increase the rapidity of the rotation of the 
wheel on which the diamond powder is spread. 
In an experiment made some years ago at the 
expense of the Institute, a black diamond of 
Borneo was put in the hands of Oallais, the 
diamond-cutter. On this he wore out a steel 
wheel and a large quantity of ordinary diamond 
powder without making the least impression 
on its surface. It lost none of its roughness, 
although loaded with a considerable weight, 
and heated almost to whiteness by the rubbing 
of the wheel, which revolved with such 
Tolocity as to emit a continual shower of sparks 
during the operation. 

This intractable substance required the 
powder of black diamonds, like itself, to pro- 
duce the desired effect, and doubtless some 
day the powder of black diamonds will be 
used to advantage in cutting the ordinary 
diamond, as well as in other processes of the 
arts. Every one has seen a glazier, with a 
minute point of a diamond, trace upon glass 
an almost imperceptible groove in the crust of 
the glass, which renders it easily frangible in 
a given direction. It is conjectured by some 
that the ancients in engraving on sapphires 
and rubies have used a diamond point as a 
burin, and the finish of some parts of cameos 
and intaglios deeply cut would appear to war- 
rant this supposition. An art has been lost 
to France. Who will restore it ? Since the 
last encouragements given to engraving on 
stone by the impress Josephine and Napoleon 
I, everything of this kind comes to us from 
Italy, and there is not a single glyptic monu- 
ment of the reigns which have succeeded the 
Empire. 

The diamond is heavier than rock-crystal 
and lighter than white sapphire. It has al- 
most the same weight as the white sapphire of 
Brazil, called gautte cTeau, It is often con- 
founded with these three stones, which re- 
semble it in whiteness. Let us see then how 
these may be distinguished by the weight. 

It is known that if a real diamond be sus- 
pended by a fine thread from a delicate balance, 
and when in perfect equilibrium it be immersed 
in a glass of water placed immediately under 
it, it loses two-sevenths of its weight, or, in 
other words, two-sevenths of its weight in air 
must be added to the pan from which it is 
suspended to restore the equilibrium when 
the diamond is in the water. In like manner, 
a diamond weighing 21 carats loses in w&ter 
about 6 centigrams. A white sapphire of the 



same weight loses only a fourth of its weight 
when weighed in water, that is to say, about 
5 centigrams. A piece of rock-crystal in the 
same condition loses 8 centigrams. Hence, 
whenever any species of crystal weighed in 
water loses more than two-sevenths of its 
actual weight, it cannot be a diamond. We 
shall presently see how the diamond is dis- 
tinguished from the white topaz, which, like 
itself, loses in water two-sevenths of its 
weight. 

Chemical tests being, in general, very diffi- 
cult of application, and involving a loss of 
the substances examined, need not here be 
described ;. but we shall point out an optical 
test of a very delicate character, which traces 
at once the line of demarcation between the 
diamond and all other colorless gems; we 
refer to that of double refraction. 

In looking through a transparent stone at a 
detached object, such as the point of a needle, 
or a small hole pierced in a card, the object is 
seen double, as if there were two needle-points 
or two holes. This phenomenon is called 
double refraction, and is exhibited by all white 
or colorless gems except the diamond. As 
some little dexterity is required to readily 
exhibit this curious property, the object to be 
looked at and the stone should be fixed, at the 
proper distance apart, on a support by a little 
modeling- wax, so as to be more conveniently 
seen by those interested in the experiment. 
M. Haiiy was often called upon in consulta- 
tions of this kind, and sometimes, in the case 
of a suspected fraudulent sale, he gave his 
testimony in court as an expert in regard to 
the character of gems. The white topaz of 
Brazil produces double refraction, and may at 
once be recognised by this quality as a false 
diamond. I have a painful recollection of a 
visit from an English gentleman, who brought 
fcr my examination a magnificent white topaz, 
which, had it been diamond, would have been 
of immense value. It was very easy for me, 
from the cutting of the stone, to perceive the 
double refraction ; but such was the agitation 
of the owner, and so convulsively did his hand 
tremble, that I was obliged to attach the stone 
to a wooden ruler with a bit of green wax 
before I could render the phenomenon clear to 
him. The instant he saw the double refraction, 
the bearing of which I had explained, he 
seemed overcome with emotion ; and after re- 
maining some minutes in a half-stupified con- 
dition, he suddenly rose and abruptly took his 
leave, doubtless to hide his emotion, too 
powerful to be controlled. He afterwards 
sent me his card, apologizing for his hasty 
departure, but I never learned what great 
interest I had compromised or what hopes I 
had dissipated in thus determining the cha* 
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racier of the stone. In the work of Mawo, 
it may be seen that the white sapphire and the 
white diamond owe their high price to the 
fact that they are often fraudulently substi- 
tuted for diamonds. Mawe might have added, 
also, the white zircon, which is heavier even 
than the sapphire, and which much more re- 
sembles the diamond. To exhibit one of these 
stones in dress as a real diamond may be only 
a small exhibition of vanity, but to sell one 
for a diamond is a felony, which, fortunately, 
is recognized as such by our courts of justice. 

I need scarcely add tiiat the zircon, like the 
white sapphire and topaz, possesses the quality 
of double refraction in a high degree. The 
test of double refraction is a very convenient 
one, because it can be exercised without un- 
setting the stone, and without any compli- 
cated apparatus. A little practice enables 
any one very soon to leam how to recognize 
the phenomenon ; and this is not much to pay 
for gaining so absolute a means of identifying 
a false diamond. 

Diamonds are capable of being colored in 
various ways. A slight tinge, as in the case 
of the great Tuscany and the Russian dia- 
monds, detracts from the value ; but when a 
diamond is found of a lively and rich color, it 
is very much sought after as a very rare speci- 
men. The Marquis of Droe possesses several 
of this kind, and especially one of fine rose 
tint. The specimens which have this charac- 
ter are called stones of affedioriy and really 
their owners sometimes regard them with a 
sentiment which fully justifies the name. 
Among the crown diamonds of France there 
WM one of triangular shape, of a fine sapphire 
blue, and weighing 60 carats. This disap- 
peared at the time of the theft of these dia- 
monds, none of which, except the Regent^ 
were ever recovered, doubtless because this 
latter was of more difficult sale than the rest. 
During his imprisonment, the thief enjoyed 
among his companions great consideration on 
account of the magnitude of his villainy. On 
what may not distinction be based in this world? 

But the wonder of all colored diamonds is 
the blue one, owned by Mr. Hope, the form of 
which has been engraved in the report of the 
London Exposition. Mawe characterizes it as 
siiperlativdy beauHfuL It weighs 44^ carats, 
and often, accor^ng to Mr. Tennant, unites 
the blue colour of the sapphire with the pris- 
matic lustre and biilliance of the diamond. 
Every one who has studied the play and the 
effect of precious stones in any brilliant even- 
ing assembly has remarked that the sapphire, 
sparkling as it may be by day, becomes dull 
and lustreless in the light of lamps, wax can- 
dles, or gas. It would bo curious to know 
whether tiie same loss of brilliance happens 



to the blue diamond of Mr. Hope, which I do 
not hesitate to place beside the sovereigns in 
value, because, though less heavy than they, 
it surpasses them in rarity. The term stone oj 
affection is scarcely an inappropriate name for 
this precious object, though it is sometimes 
applied with more questionable propriety. I 
once saw a stone at M. Bapst's, known as a 
black diamondj which had the color of a 
tobacco-leaf, and was only admirable on ac- 
count of its singularity. Louis XVIII, how- 
ever, selected it for the crown of France, at 
24,000 francs, but it was never placed there. 
Such diamonds are always cut very thin ; for 
what is the use of thickness in a stone which 
is not transparent, and of which the superfi- 
cial brilliance is quite vivid ? If to an ama- 
teur such a stone should become one of affec- 
tioUy he certainly would run no risk of having 
his taste disputed. It is curious to remark 
that Pliny says almost the same thing of 
Nonius, who, owning a beautiful opal, pre- 
ferred to quit Rome as a proscribed traitor, 
rather than yield to Antony his stone of affec- 
tion, ** It was," says Pliny, ** an astonisfing 
instance of tyranny on the part of Antony to 
proscribe a citizen for the sake of a gem ; but 
we can none the less wonder at the obstinacy 
of Nonius, who, rather than give up his be- 
loved opal, suffered himself to be exUed from 
his country. In reading the interminable 
list of marvellous qualities attributed before 
the seventeenth century to gems, we may un- 
derstand something of the extreme value set 
by the possessors of precious stones on these 
treasures. The native Indian princes are 
great amateurs of diamonds, and seek for 
them with great assiduity. In one of their 
collections I have seen a small natural dia- 
mond, with brilliant points, encased in the red 
cement which ordinarily envelopes the stone 
in the mine. This specimen, which was about 
the size of a small hazel-nut, and in which 
the little diamond was enshrined within the 
cement, formed an object well adapted to ex- 
cite the wonder and admiration of the miner- 
alogist, as well as the superstitious regard of 
the princely, though unscientific, owner. 

Mawe states that of all values the least 
variable is that of the diamond. He cites 
various crises which have occurred in England 
in the quantity of diamonds received, and 
shows that, with regard to price, these crises 
have been generally very light and of short 
duration. There have been two great panics 
in the diamond market since 1840. The first 
was on the discovery of the new mines in 
Brazil, about 1843 or 1844. The second was 
in France, and followed the commercial shock 
caused by the revolution of 1848. The price 
of diamonds then rose and fell with other 
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securitiee, and in precisely the same propor- 
tions. The price ia now about 200 francs the 
carat, a price indicated by Jeffries reaching to 
About 230 tranCB. H. Caatelnau, in his Voy- 
age across South America, hints timt the fall 
in the price of diamonds came from a dlminu- 
tion in the taste of society forthese brilliants 
and other frivolous decorations. If the de- 
preciation in the value of diamonds is to de- 
pend on a decline in the taste for lusury and 
ostcDtatiou, a desire to shine, and even on the 
cupidity of man, a rich commerce in these 
gems may be assuied in Lomlou and Fans for 
many centuries to come. 

"W'ithout recurring to tho AraVian Nights, 
or to the legends of the middle ages, ■where 
gnomes and grifKns arc seen jealously guard- 
ing these treasures of the earth, and only by 
the force of some cabal allowing mortals to 
obtain them, it is evident that a great value 
BMigDcd to a small qaaotity of mineral sub- 
stance has given rise to singular changes in 
fortune. I do not know on what foundation 
Mawe says that Lieges, ambassador to the 
court of Berlin, obtain^ from tho King of 
Prussia a treaty of alliance, offensive and de- 
lensivc, by dazzling his eyes with the splen- 
dor of the Regent, for the cession of which by 
Ftoiico the abbe allowed the King to onter- 
fciin a hope. Frequently the precious stonea 
of sovereigns have been used ss pledges for 
tho payment of debts ; but these trausacttoas 
are comparatively of little interest, and we 
prefer much more to contemplate the incident 
of a poor gardener of Golcoudn ficding in his 
garden a beautiful stone, which, proving to be 
a diamond, afforded not only ease and com- 
fort to himself and his family, but opened to 
his whole country a source of riches. We 
also prefer to dwell on the fortune of a poor 
Degress who found tho Star of the South, in 
July, 1853, while washing the sands of the 
Bnufilian mine of Bagapen. According to tho 
ancients, Hercules presided over the discovery 
of treasures, liy this perhaps they wished 
to indicate that what is truly valuable can 
only bo attained by untiring industry. But 
bo this as it may, the discovery of a gem. was 
never considered by them as a favor from 
Hercules, but as the reward of labor. 



The Astronomer Royal, in bia recent report 
to the Board of Visitors, says, " Very lately, 
npplication has been nodo to me, through the 
Board of Trade, fur plans and other informa- 
tion regarding time- signal-balls to assist in 
guiding the authorities of the German Empire 
in the establishment of time signals at various 
p&rts of that stat^. In other foreifiu countries 
the system is extending, and ia retciTcd to 
Onenwich w ita origin." 



HOROLOGY FOE THE MILLION. 
In these days when so much is said about 
technical education, it is of importance that 
scientific information given in a popular form 
should be at least tolerably accurate, and free 
from the common blunders almost always 
made by newspaper writers when hand- 
ling even the most simple scientific subjects. 
The article on " Eemarkable Clocks," which 
appeared recently in "Aunt Judy's Maga- 
zine," by L. C. F., is a very remarkable 
article indeed. It is full of the most aston- 
ishing errors, and sorao moat coramon facta 
are told with an air of great mystery. We 
only refer to the article to protest against the 
publication of such "foots," which confuse 
instead of enlightening the intelligent British 
public, whose minds are already sufttciently 
hazy on horological subjects. 

We will only refer to a few of the state- 
ments to show that our censure is merited. 
The weight of the great bell at St Paul's is 
stated to bo between one hundredweight and 
two hundredweight," instead of five tons four 
cwt. The diameter is given aa 10 feet, the 
real diameter being 6ft, Otn. The clock is 
spoken of as striking so loud that in 1777 it 
was heard at Windsor, 22 miles awjy. 
What<!ver happened then, the striking of the 
clock now ia absurdly faint. The tale about 
tho clock striking thirteen is revived, though 
the legend has been exploded, at least as re- 
gards the present clock. The writer goes on 
to say that this clock was originally called 
"Tom of Westminster," whereas it was the 
bell which bore that name, not the clock. 
Describing the Westminster clock, he alludes 
to the great weight of the minute hands, tho 
fact being that these hands weigh only 281b8. 
each, which is wonderfully light when the 
length and size is considered. We are further 
informed that " the scape wheel is driven by 
the musical-box spring, and weighs about 
half an ounce " ! ! ! Also that " this clock is 
said to be at least eight times as large as a 
full-sized cathedral clock," which conveys 
about the same idea as if it was said to be 
eight times the size of a lump of chalk. The 
clock is spoken of as " Big Ben," whereas it 
is the bell only which answers to that name. 
It was, we beheve, named after Sir Benjamin 
Hall, at that time First Commissioner of 
Works. 

The article then goes on to describe the 
clock now at Straaburg as being begun by 
C'onradus Dazypodiua in 1571, entirely^ igno- 
ring the fact that not one single wheel in the 
present clock is older than 1838, when the 
present clock was begun, and that tho original 
clock was constructed by tho brothers Habrecht 
in 1372, under the direction of Dovycodius, 
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ilBsisted by Wolkenstein, a Breslau astronomer* 
This clock ceased working in 1790, and it was 
not till Sept. 24th, 1833, that the question of 
its restoration came formally before the Mu- 
nicipal Council of Strasburg, and after many 
negociations, J. £. Schwilgue was entrusted 
with the entire re-construction. The work 
was commenced in June, 1838, and at mid- 
day on Sunday, the 2nd October, 1842, the 
eminent horologist set the clock going with 
his own hand in the presence of an immense 
concourse of spectators, including a large body 
of savants, who were in the city at the time, 
assisting at the scientific congress held there 
thatyear. The restoration of Tobias Stimmer's 
paintings on the framework (which is the only 
originajf "portion of the clock) was intrusted to 
an Italian artist. So much of the works of 
the old clock as remained were deposited in a 
chapel in the cathedral, together with the 
figures, cock, and sphere, dials for showing 
the eclipses, &c. 

In conclusion, we admit that the latter part 
of the article is not so bad, being more in the 
writer's way, as it consists of gossiping anec- 
dotes, keeping clear of any facts or technical 
matters. It is, however, rather too bad to 
call the celebrated Tompion (whose valued 
portrait is one of the treasures of our Insti- 
tute) Mr. Pompion. The writer might have 
referred to Henry de Wicks' Dover clock, and, 
for the benefit of his London readers, informed 
them that this wonderful piece of work, to- 
gether with the Glastonbury clock, can be 
seen at the Patent Office Museum, South 
Kensington. 



Jijt^rs ia i\iti (fiditor. 



All letters to be addressed to the Editor, at the 
Instiiate, 35, Northampton Square, E.G. 



Sm,— ^Mr. Christian Lange having in the 
last Journal hinted that the fusee is a useless 
contrivance in a good .watch, only advocated 
to deceive the ignorant amongst watch makers, 
permit me seriously to ask if Mr. Lange really 
believes that a long weak spring of equal 
thickness throughout — ^the coils of which have 
a natural tendency to rub, thereby causing 
irregularity of friction, and further causing 
the vibrations to fall off a quarter of a turn 
when nearly down — can make a watch go as 
well* all thmgs being alike, as another watch 
having a fuseo which allows the spring in the 
barrel to taper inwards, in order to cause 
each turn of the spring to move free of the 
other with the least amount of friction and 



consequent greater regularity of action and 
farther, pulling with equal force on the tiain 
all through ? If Mr. Lange believes so, he 
must have a curious notion of mechanics. 
Mr. Lange backs up his theory not by a watch 
of his own make, but by a Swiss going barrel 
repeater which he has by him. Though 
practical men making both kinds of watches 
know full well the various merits of each 
kind of watch, the authorities, I have no 
doubt, in order to do a service to the trade, 
would receive the watch of which Mr. Lange 
speaks, at the Royal Observatory, and after 
having tried it for a few weeks the readers 
of the Journal would be glad to hear of the 
result. My only excuse for writing this is 
the fact that an opinion is afloat amongst men 
in the trade, who have no experience in 
timing watches, that the going barrel can 
compete with the fusee. This opinion is no 
doubt fostered by the makers of cheap going 
barrel watches in order to effect sales, and 
dealers not accustomed to any particular 
nicety in timekeeping no doubt in many 
mstances find going barrels give sufficient 
satisfaction ; but if going bimrels must be 
made, which I consider very proper that they 
should, in order to meet the demandB of tiie 
less wealthy, as well as to compete with 
foreign productions of the same clasay' Itjdl!^ 
means let the public know the reaam.i 
so as to prevent some from deceiving 
ignorance and others by craft, and 
buyers may know what to expect 
money. The mission of the 
Journal being to diffuse a correct knoi 

of horological instruments and to 

erroneous notions, I hope to be paidcHiadi: 
this intrusion. . ..* 

A MEMBER OF THE BRITIgH 
HOROLOGICAL INSTITUTE. 




Sib, — ^Having read Mr. Schoof 's remarks 
and description of a new barrel-hook, I ven- 
ture to send a description of one which I have 
used a long time. My plan is very similar to 
Mr. Schoof's, but differs in the following 
particulars : — 

1 . I make the hook of steel wire, because 
I find in practice that a brass hook is very 
soon worn or cut off by the end of main 
spring, if the spring has to be taken out and 
put in a few times. 

2. I do not tap the hole in barrel before 
putting in the hook. 

3. I slightly taper and square the end of 
steel wire before cutting the thread on it. 

4. I cut off the piece for the hook say, 
i inch long and make the hook on it afterwards, 
on the large end of wire. I find it an advan- 
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tage to make the hook double, that is, under' 
cut on the tn'o opposito sides, so that I can 
adjust the projecting length of the screw, 
-which could not be doBe if the hook is made 
only on one side. 

5. The tapered and squared end of the atcel 
wire forma a tap to tap the hole in barrel, and 
when once screwed in, (from the inside of 
course) by catching hold of the small end 
when it ia put through the hole in barrel, and 
screwing it round with the pliers, it docs not 
require taking out again, and the consequence 
is that it fits much more tightly than if the 
hole ia tapped first. 

I have tried both ways, and both steel and 
brass for the book, and find this h the best 
and quickeat i?ay, and steel the best material. 
With regard to look, it at least looks as well 
as n fit«el hook rivetteil into tho main spring. 

Sundridge, Kent. J. VIRGO. 



Sib, — I have an old turret clock which I 
purehflsed in Yorkshire some years back, and 
have repaired, and fixed it at the hamlet of 
Beaver, near Ashford, Kent, the makcr'a came 
of which 1 am anxious to find out. The set- 
hands diul, hiiil a B(]iiare hole cut out of centre 
of the name. En- 
el os ed i s/ttC-simiVe. 
I The " London Di- 
I rectoi7 of 1779" 
:lucs not give any 
;lockmakers nam 
I oniling "nton.' 
I Was Moorflelda at 
I that time an out- 
I lying village? If 
Du could give me 
elue to finding 
the name, I shiill be much obliged. The 
Clerkenweil men that I have asked do not 
Bc-em to have met with the name. 
Tours &c., 
Reigate. THOS. NICKALL8. 




Abstract of the Board of Trade Returns for 
September, 1873, 



niPORTs. 



Nine Months ended 
30th Sppteinber. 

]~~3l^"6r l^iimber . . 296754~1 

{£35,914 Value £318,791 

"Watchea £33,158 Value . . . .£282,i;iO 



Kontli ended 30th Sept. 



Clocks . 



EKPOETS. 



Plate, and I 

Plak-d and 
Gilt wares £19,761 I Value . 



in answer to several inquiries as to whether 
it is cotnpuUory to register Utters eoiitattuiy 
inexpensive trinkets, we quote the foSowtng 
frmi the circular issued by t)ie Posfid autht- 
rides in August : " Letters containing bank 
notes, postage stamps, j^vellery, or watches. 
The notice mely issued on this svhject, so far 
as rdales to letters coidaining bank notes or 
postage stamps, is cancelled; and as concerns 
j'eieeUery or watches js postponed till the Irf 
September, from which dale all packets con- 
taining jeia^ery or waiches not presented far 
regislralion, and not so packed as to concetd 
tHeir contents, wiS be su^'ecl to a double regis- 
tration fee of eightpence." On inguin/ at the 
Post Office we were tdd that " anything thai 
appeared to be valuable," if sent unregistered, 
wffuid, if discovered, entail a payment oj eight- 
pence on the recipient. 

L. F. Mdxoke. — Thanks for your letter. 
We sJmU have pleasure in amtplying with your 
request. 

A CLocKMiKKB, — Yoti wHl find an ariich on 
the polishing of p^itnis in the Jouexal for 
March, 1873. We are not aware of aiy 
work giving a description of the machinery 
used in the making of French clocks. 

D. FoHD. — T/ie nuTnber of teeth alone wtU 
decide the pn^Mtrlioti. For eren assttming that 
the wheds are correctly made, t/ieir diameters 
at the point of contact mould not give Ifieir 
relative proportions exactly, altlwtigh in the 
instance you nieiitim the wheels must he iticor- 
recily pitched ; for the diameter of a wlieel 32 
teeth to ad with a pinion one inch in diamder 
having 8 teeth should be a trifle wider 4iV(., 
andcerlainly not 4iin. 

" J. J. P." — The clock at the Zoi}ilard-streel 
Post Office is controlled by galvanic current 
from Greenwich Observatory. The West- 
minster Otock is not controlled, but automaticaSy 
rejiorts at Qieeitwich its variaiio>i from mean 
time, which is only about one second a week. 

The engraving of my escapement in the 
October number of the Jocesal shmvs as if the 
ruby pins d and e were merely to catcli the teeth 
of t/ie escape wheel, but they are not only for 
tliat purpose, they are to be so placed that tlte 
teeth of tlte escape wheel act upon them like upon 
a lever.— F. T. Katiurn. 

Could some of_ your correspoiuknts kindly 
explain the fiMotoing. I am told by t/iose ww 
have greater experience than myself that " in 
trying a lever escapement, if you find the wheel 
and pallet depth a shade sliat&w andyour roBer 
pin has too much shake in the notch, that by 
putting a larger pin you inake the wheel and 
paUet depth de^er." Now, ii c^peart to ma 
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that, suppoHrig the pin io he deep enomjh in (h 
notch, whdher it he large or small, so sunt a. 
Vie wheel leaves ike in^tlse Jace of one pallet it 
drops on to the o}:posite locking, and that no 
aUeralim in the size of the roSerptn can possibly 
bring that locking any ^eper Xftlo the wheel at 
the nitmietU the tooth leaves the impitke plat 
as they necessarily travel together. If J i 
wrong, perhaps some one will kintSy set -. 
WjM— JcKioE, ["Jtflifor'fi" conclusioti 
correct, and " those of greater experience " than 
himself must have a profound ignorance of 
tueclianics. The amount of loekitig is dependant 
m the shape of tlie pallets alone, and /he only 
result of ike ruby ptn haviruf too much shake 
would le thai a portion of the impulse givei> 
the jiaBeis by the 'seape wheel woidd not 
tranxferred lo the balance.'] 

Refiy to the questions of "8. L." mi the 
Septeinber number of the Jocbwal. — Cbse tlie 
banking pins as much as possible-, and if thai 
does not cure it sufficiently the lever is loo short. 
In order to ascertain udieiker roller and fork 
are^itched to the right depth, cause a frictional 
resistance to act npon the lever by puskir^ sotne 
fdded-vp paper vndemeatk, or press the lever 
gesitly against the roller pin m a cottfrarj/ 
direction io the motion of the balance, and im 
kaditig (he balance to and fro the wheel shoidd 
escape from either pallet. Make the pivot in 
the ordinary way, leave it a little thicker than 
required, weak the shoulder till very little of 
it is left, andfimsh thejnvot on a good Swiss 
pivot-led with an ordinary burnisher, of which 
the corner is rounded off, taking care lo press Ute 
burnisher slightly agaiiist the shoulder. If 
stfficienlly fine emery is used to sharpen the 
burnisher the polish becomes perfect. In a tool 
where the pivot runs free, gttnmelal with dia- 
maniine mixed with oil to the amsistency of 
paste produces aperf eel polish. Use very litile 
diatnatUine. T& term "a turn and a half" 
for a vibrating balance means exactly what it 
Krpresses. As a balance may be turned about 
a whole turn on either siile of its point of rest 
before the roBer pin comes in contact with the 
fork, the whole vibration may comprise about 
ttvo turns. — M. I. 



jEWELumr and other articles of valne enter- 
ing Queensland being churgeablo with Custom's 
duty, the Postmaster- General desires it to be 
koown that letters or packets containing jewel- 
lery or other valuables oddreased to Queens- 
land ore, by the Colorial laws, liable to deten- 
tion until the amounts of the Cuatom'e duty 
ia paid. — [In ibrwarding lottera containing 
jewellery, expedition in the delivery will pro- 
bably be ensured by advising the oorreBpoadent 
in fi Mperato esrelt'pe. j 



PIAET OF MEETINGS for NOV., 1873. 



DiT. 


1.XTE 


TEME. 


Birsnniss. 


Monday 


.1 


8.0 


Technical Class. 


Tneaday 


4 


7.30 


Journal Ck)mnuttee . 


Tuesday 


4 


8.30 


Council. 


Thursday 


(1 


8.0 


Technioal Class. 


Monday' 
Thursday 


1ft 


8,0 


)itto. 


i;i 


8,0 


)itto. 


Monday 

Thuraday 


IV 


8.0 


)itto. 


'?n 


8.0 


Ditto. 


Monday 
Thursday 


24 


8.0 


Ditto. 


fl7 


8.0 


Ditto. 


Thursday 


•21 


8.0 


Fin one eCoinmiit«e. 



The Exhibition of Work, at the Instituta, 
will bo open from the 10th to the I5th, and froa 
the 17th to the 22nd, between the hoars of Ila.m. 
and 9 p.m. 



MEAN TIME OP THE SUN'S SEMmU- 
METER PASSING THE MBRIDIAN 0? 
GREENWICH. AND EQUATION OF TMB 
TABLE.— NovKjcDRB, 1873. 



lB-3 
18-3 

11-4 
13-7 



54-7 
47-9 
40-3 
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THE EXHIBITION OP WORK AT THE INSTITUTE. 

Beport of the Judges. 

WE bog to report the result of a careful examination of the work connected with 
chronometer, watch, and clock making, placed in competition for the prizes offered 
by the Council of the British Horological Institute, as follows : — 

Taking the specific prizes in the order given in the conditions, we award the prize of 
five pounds for the best chronometer escapement to George Abbott, for an exceedingly fine 
piece of work. To this exhibitor we also award the silver medal of the British Horological 
Institute, for the best specimen of work in the exhibition. To T. Nelson wo award honour- 
able mention for a chronometer escapement, also of fine quality. 

We award the prize of five pounds for the best lever escapement to J. L. Tilling ; also 
an extra prize of three pounds to K. Bridgman, for a lever escapement of very great merit , 
and to W. Smith, of Coventry, honourable mention for three escapements. 

For the best watch finishing we award the prize of five pounds to R. Gore, and honour- 
able mentions for watch finishing to R. Foster, W. Owen and F. T. Lawrence. We awai-d 
also a prize of two pounds to W. C. Smith, an apprentice, aged eighteen, for a Very credit- 
able specimen of watch finishing. 

Wc experienced some little difficulty in dealing with the specimens of keyless work 
exhibited. "With the exception of the work of an apprentice, all the keyless mechanisms 
were upon the same principle, and all very excellently executed. Unable to detect suffi- 
cient difference in the work to justify us in giving the prize to any one competitor, we 
award honourable mention for keyless work to C. Finogan, C. V. Nyman, G. Sutton, and 
Thomas Buck 

The prize of five pounds for the best made and applied balance-spring we award to G. 
Morton, and we award an honourable mention to H. Webber, for balance-spring made and 
applied. We desire to express particular commendation of the manner in which a Breguet 
spring is applied in the work of both these competitors. 

We award to — Andrews the sum of five pounds for the best made case, and to John 
Martin we award honourable mention for very good specimens of case making. 

From the sum at our disposal for prizes unspecified we award a prize of fivo pounds to 
W. Sills, for chronometer finishing ; a prize of two pounds to J. Ody, for a Kullberg's 
marine chronometer balance ; a prize of two pounds to Mrs. Mann, for pivoting of exceed- 
ingly fine quality ; a prize of one pound to H. Lee, for fusee and spring block cutting. 

We also award honourable mentions to the following : — R. Bridgman, for measuring tool; 
Fraser, for improvements in slide rest and mandril ; W. Twitchings, for an interesting dis- 
play of watch dials and enamels ; Reymond Brothers, for wheel cutting ; F. Harris, for 
watch engraving. 

The quality of the work exhibited by many of the competitors is exceedingly good, and 
in some instances we have had difficulty in awarding the specified prize, owing to the work 
of two competitors displaying almost equal merit ; but we note with regret that the show 
of tools is very meagre. 

(Signed) 

C. WHEATSTONE, 
V. KULLBERG, 
J. Mc LENNAN. 
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The exhibition of work in the chronometer* 
watch and clock making trades, the parti- 
culars of which have been for some time 
announced in the Journal, opened on Monday, 
November 10th. The specimens of work! 
exhibited, though not so numerous as might 
have been expected, considering the induce- 
ments held out in the shape of money prizes, 
&c., were nevei-theless exceedingly interesting 
and for the most part of a very high order of 
merit. The judges appointed were Sir C. 
AVheatstone, at the instance of Lady Burdett 
Coutts, Mr. V. EuHberg by the Council of 
the Institute, and Mr. Mc Lennan as Exhi- 
bitors' judge, he having received the majority 
of votes. Their joint repcrt, published in the 
preceding page, specifies the various exhibits to 
which awards have been given, and, following 
the classification observed in the report, we 
proceed to describe those of the objects exhi- 
bited which we think likely to be of general 
interest to our readers. 

Of marine chronometer escapements the one 
exhibited by George Abbott has received not 
only the highest prize in its particular class, 
but has also been adjudged worthy of the 
silver medal of the Institute as being the 
finest specimen of work in the exhibition. It 
must certainly have been not less profitable 
than interesting for the visitors to note the 
exquisite shape of the pivots, the uniform 
squareness even in its most delicate parts, 
combined with the highest degree of finish 
observed in this escapement, which is indeed 
in every way worthy of the high position 
accorded to it by the judges. A marine escape- 
ment by T. Nelson which has secured an 
honourable mention presents many features of 
excellence, its high degree of polish being 
especially noticeable. A finely made stud 
and steel collett are included in the exhibit. 

A significant feature of the exhibition is the 
entire absence of pocket chronometer escape- 
ments, which may be accounted for by the high 
position now occupied by the lever escape- 
ment for pocket watches, the accurate pro- 
duction of which, therefore, becomes a matter 
of vast importance to the trade. J. L. Tilling 
takes the chief prize, with two escapements, 
one a double roller, the other a single 
pin of the ordinary construction. It would 
be almost impossible to imagine finer work 
than is here displayed. The greatest 
attention to detail is evident, not merely in 
the finish of the various parts, but also in 
proportions, freedoms, shakes, weight of levers, 
&c. The double roller has a solid circular 
banking screwed on from the back of the 
plate. The jewelling of these escapements 
by F. Allamand must not be passed over with- 
out a word of praise. A reference to the 



report will show that an extra prize in this 
class was awarded to B. Bridgman for his 
double roller escapement with triangular pin. 
The noticeable features of this escapement, 
apart from the workmanlike ability shown in 
its production, are a gold lever (which by the 
way we think objectionable from its weight), 
and a circular screwed banking planted flas^ 
with the plate and very nicely executed, a« 
are also the Brcguet stud and index attached. 
Three double roller escapements, of more than 
average merit and to which an honourable 
mention has been given, were shown by W. 
Smith, of Coventry. 

B. Gore is the successful competitor in the 
class for watch finishing with a very fine 
example of half plate work. The delicate 
handling, uniform squareness, and thorougli 
roundness observable in this watch are worthy 
of all praise. Especially observable is the 
manner in which the fusee top pivot has been 
lengthened by turning back, so as to ensure a 
long hole in the fusee piece and the conse- 
quent retention of the oil, a point too often 
neglected even by high class workmen. The 
BoHd stop work also is filed up in a really 
artistic manner, and its lightness of action 
ensured by the spring being weakened in t 
more than usual degree. The pivoting is as 
near perfection as possible, and the care dis- 
played in polishing the jewel setting, icrews, 
&c. is especially commendable. The gilding 
of this watch by B. Binckes should not ^ 
allowed to pass unnoticed ; it is the finest we 
have seen for some time. Honourable men- 
tion is given to B, Poster for his half pkte 
keyless watch with reversed fusee. The 
finishing of this watch possesses many com* 
mendable features. The now almost obsolete 
practice of polishing the train wheels ii 
revived in great perfection. The Bregnet 
stud is placed squarely and uprightly on the 
cock, and is altogether well finished. F. T. 
Lawrence, who exhibits four watches, one a | 
plate of ordinary construction, a Opiate centra 
seconds, a } plate going barrel keyless, and t 
i plate with reversed fusee, gains an honour- 
able mention, as does also W. Owen with a i 
plate pocket chronometer. A gratifying 
feature of this department is the awarding of 
a special prize to an apprentice, W. C. Smith, 
for a specimen off plate finishing, remarkably 
good considering liie age of the youth; we 
only regret that more apprentices have not 
displayed a similar spirit of emulation, and 
given us specimens of their work. This is 
the only prize awarded to an apprentice in 
the exhibition. The unusual number of 
honorary awards bestowed for watch finishing 
testifies to the general excellence of the woik 
sent in for competition. 
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It will be Been from the report that the 
dges were unable to award a prize for key- 
!ft work, from the tiniform excellence of the 
liole of the work sent in, and have therefore 
yen honourable mentions to L. Fini^an, C. 
, Nyman, G. 8utton, and Thomas Buck. In 
stice, however, to these competitors it must 

stated that their manipulation was of a 
ry high order, and we are not surprised that 
e judges should haye declined to give the 
e-eminence to anyone. The principle of 
e mechanism was in each case the same, 
ing the excellent arrangement introduced 
' Mr. Kullberg for fusee watches, and fully 
scribed in No. 128 of the Journal. 
For the best made and applied balance- 
ring, the judges awarded the pcize to Geo. 
3rton for his very beautiful Breguet spring 
thout an index, the shape, action, and polish 

which, together with his collection of 
Lght and blued springs, attracted general ad- 
ration. The wire of which these springs 
jre composed was made by the exhibitor by 

improved process, whereby the inequalities 

smbstance so perplexing to makers of 
Lance-springs are entirely avoided. An ex- 
dnation of the wire eidiibited disclosed a 
autiM uniformity of surface very highly 
liahed, and with exquisitely rounded and 
lished edges. It must have been this 
irked superiority of wire which turned the 
lance in his favour, in competition with H. 
ebber, whose Breguet spring, also without 
L index, can scarcely be said to be inferior, 
ther in make, shape, or application, and to 
tiom an honourable mention was awarded. 

Nelfton was also a contributor to this class 
ith balance-springs made and applied. 
Following the order observed in the report, 
a come next to the gold case making, in 
hich Andrews with his three hunters carries 
F the palm. These cases are splendid ex- 
aples of the goldsmith' s art. Their beautiful 
mmetry is a pleasure alike to the eye and the 
ind, the fit of the bottoms, bezels and domes 

faultless, and the distribution of the metal 
admirable, as is also the squareness of the 
iarings and their general finish. But perhaps 
leir most pre-eminent feature is the jointing, 

praise of which we feel that too much can- 
»t be said, for, though fresh from the maker's 
ind without having been manipulated by the 
int finisher, the lines of the joints are scarcely 
rceptible, so admirable is the fit. The ex- 
bitor is also very successful with his speci- 
ity of the turning pendant. Scarcely Icjs 
mirable are the cases shown by J. Martin, 
odaced under his improved system of manu- 
^tore, the tools and gauges for which accom- 
ny his work. Especially worthy of notice 
the catting tool, for producing the headings 



of bezels and bottoms at one stroke ; and his 
mode of making middles for double bottomed 
cases, in two pieces with three solderings, in- 
stead of following the usual method in which 
three pieces are employed, necessitating five 
solderings. A very light case by this exhibitor 
weighing only 12 dwts. 18 grs. for a 4-size 
movement, and yet admitting of a deeply en- 
graved outer bottom, attracted considerable 
attention. A collection of German silver cases 
for railway guards' timekeepers was exhibited 
by J. Walton. 

A point of particular interest to the visitors 
was the specimen of marine chronometer 
finishing by W. Sills. The two-day marine 
chronometer, from the size of its pinions, &c., 
presents an unrivalled opportunity for the 
display of the finisher's art in the use of the 
graver ; this advantage has been worked out 
to its fullest extent in the movement under 
notice. The tyro in the art of turning mi(rht 
gather most useful lessons from a study of the 
deep clean cut hollows of elegant shape, but 
in which soundness is never for a moment lost 
sight of. The shape and polish of the arbors, 
pivots, &c., were cdso much to be commended. 
For this exhibit a special prize of £5 was 
awarded. The other special prizes given 
were one of £2 to Mrs. Mann for her very ex- 
cellently pivoted marine chronometer balance 
staff with roller, and scape wheel and pinion, 
and to J. Ody a similar sum for a EuJlberg's 
flat rim balance of very fine quality. 
A prize of £1 to H. Lee f )r fusee and balance- 
spring block cutting, whose collection of right 
and left-handed fusees of all sizes, and blocks 
of various shapes, formed an interesting 
display. 

Well worthy of the honourable mention 
awarded was the most attractive and interest- 
ing case exhibited by W. Twitchings, showing 
the manufacture of enamelled dials in every 
stage, from the rough copper and enamel of 
various colours to the completed dial of almost 
every conceivable size, form, and tint. There 
were dials bearing the Turkish, Persian, and 
other numerals, as well as the Koman and 
Italian figures, plain and ornamental. Dials 
with glass centres, brilliant as well as opaque, 
some with sunk centres of more than one 
colour ; others with figures of gold and seconds 
piece to match. One large dial with sunk 
centre, and having every figure sunk, was 
regarded as a masterpiece of the enameller's 
art. Throughout, the whole of the display was 
very meritorious. 

We examined with much satisfaction the 
case of Reymond Brothers, comprising a selec- 
tion of steel wheels and pinions for keyless 
work, cut by them at their Clerkenwell esta- 
blishment. We hail this fact with peculiar 
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gratification, as introducing a new branch of 
the trade to Clerkenwell, which has hitherto 
been supplied for the most part by German 
and Swiss-cut wheels and pinions, and we must 
pronounce, as the result of our examination, 
that these wheels and pinions are not to be 
surpassed by any we have seen. Reymond 
Brothers received an bono 'arable mention for 
their exhibit. 

The only watch-plate engraving exhibited 
was a very creditable specimen by F. Harris, 
for which an honourable mention was given 
by the judges. 

Passing over for the present the miscella- 
neous articles exhibited, we come now to the 
display of tools. One of the largest exhibitors 
was Mr. Fraser, of Kcnil worth, who received an 
honourable mention for a variety of tools of his 
own make, all of which present points of inte- 
rest, and occasional! -7 evince considerable in- 
ventive talent. We have first a mandril with 
improved slide rest. The improvement consists 
in the rest being attached to the mandril in 
such a manner that when out of use, it can be 
turned by means of a joint, to the side, allow- 
irg the ordinary tee rest to be used, without 
the loss of time involved in detaching the 
slide rest, as in the ordinary form of mandril. 
Besides this advantage, the slide rest retains 
its depth of cut in being brought back to its 
original position. The cutter has also a very 
wide range, and can ba raised or lowered at 
pleasure. 

Claiming attention is a mandril head, in 
which the dogs, instead of being made to grip 
the work in the usual manner by means of a 
screw driver, are closed by drawing the inner 
jaw outward by turning a nut with the thumb 
and fingers. A parallel opening between the 
jaws at all times is ensured by making the 
nut which is turned by the thumb and finger, 
engage a second nut, working upon a screw of 
exactly the same pitch and pressing upon the 
dog at another point. The idea embodied 
here is certainly ingenious, but we have doubts 
of its practicability, fearing that but few 
watchmakers possess sufficient strength of 
thumb and finger to make it effective. 

Next comes a revolving slide rest with 
eight cutters, for movement and cap making, 
the object being to bring cutters of various 
shapes, as may be required, to act upon the 
work instantly, instead of losing the time ne- 
cessary to remove one tool from the holder and 
insert another. 

Shewn by the same Exhibition is a self- 
centreing chuck for gripping perfectly true, by 
means of four dogs travelling simultaneously. 
Also a pivoting guage for machine-made 
movements, and many more tools and contri- 
vances of interest which we have not space 



to describe in detail. A watch, however, made 
entirely by the Exhibitor has a stop work of 
his own invention, which is worth recording. 
The going barrel is made on the American plan, 
in which the rim of the barrel only revolves 
while being wound. Pressing on the outer cod 
of the main spring is a tongue working on a 
pivot, through a shot in the rim of the barrel, 
and which following the main spri ig upon 
the winding being completed, leaves the 
aperture in the rim of the barrel sufficiently 
open to admit of the entrance of a click ^hi(i 
is screwed to the plate and held in position 
by a circular spring. 

The finely made measuring tool for which 
R. Bridgman obtained honourable mention wm 
fully described in the November number of 
the journal. 

An examining tool was exhibited by Vm. 
Gibson of Newcastle-on-Tyne, who claims for 
it many advantages over the ordinary depth- 
ing tool. A description would be nn- 
intelligible without a diagram for which we 
I have no time or space in the present number. 

A useful scraper having its cutting surface 
shaped to suit the snaps of a bezel, so that 
bezels and the like may be eased without im- 
pairing their shape, exhibited by Christian 
Lange, calls for no special remark, nor does a 
tool for extracting rivets from chain by W. 
Parsons. Two cases comprising Lancashire 
and Swiss tools were lent by Messrs. Haswell 
and Son, and Messrs. Grimshaw. 

Returning to the general exhibits, a gridiron 

pendulum invented by J. G. Ulrich, was 

exhibited by C. Leach, having provision for 

altering its length so as to indicate either solar 

or sideral time, and springs to sustain the 

i weight of the pendulum bob, so that the pres- 

sure upon the ends of the compensation tubes 

I may be very little. Evidently an ingenious 

, conception, worthy of a fuller description 

which our limited space does not admit of. 

W. H. Crouch, of Cambridge, exhibited a 
newly contrived detached seconds, model of 
improved detached escapement, and a model 
of proposed new detached escapement,of which 
we hope to have a full description hereafter from 
the inventor. W. E. Perrett exhibited models 
to show his improvement on Lund's well- 
known detached winder. 

There were some very finely made watch 
hands by Hazleden, of gold, and bright and 
blued steel. Compensation balances for 
watches,by C. Killick, J. M. Butt, of Liverpool, 
also exhibited chronometer and watch compen- 
sation balances to which was attached his 
screwed adjustable collett. 

The very fine case engraving by R. Morris, 
as well as the heraldic engraving by McDavitt 
elicited universal admirasion. 
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Bcpulators wilh Dcnisons double thi 
kgged gravity escapement were e:ihibited by 
John Evans. A design for clock dial by 
Thwoitcs Brothers. An eight day time piece 
ihowing dead Bcconds made entirely of sheet 
metal by James Cohen. 

A verge watch, pivoted, polished, escaped, 
fiaisbed and sprung to time by exhibitor was 
ihcwn by 3. Johnson. 

G. Ganncy, of Tunbiidge Wells exhibited 
a Lever watch with going barrel on the 
American principle — having an up and down 
indicator, the movement made and finished, 
«scapcment made, balance cut, sprung to time, 
indpx and hands made by bimself. 

Uony other objects of interest were exhi- 
bited by members and friends of the Institute, 
oot for competition, of which we can give do 
description in the present number for want 
of space. 

The Council of the Institute may be fairly 
congratulated upon the success of tbeir effort 
to sustain the high ch .roeter of English work 
Ijy encouraging a spirit of emulation among 
the workmen in the various branches. At no 
time has the want of a more suitable building 
for the Institute been felt than during the 
exhibition, which was visited by nearly three 
thoosand persons during the fortnight it was 
open, including many members &am the 
provinces and Scotland. 

It must be some gratification to theCouncil 
that their effort to maintain the character of 
English work haa been countenanced by all 
the leadiDg papers. The Times, closing a full 
review of the txhibition, remarks, "It can 
hardly fail to lead to a much more considerable 
display in future years, as well fts to a more 
extended knowledge of the merits of English 
watchmakers." 



Gompensatioii Salances. 

I SEE that the subject of compensation balances 
is attracting more attention. Allow me to 
call your attention to a balance I devised 
some seven or eight years ago, and a des- 
cription of which appeared in the American 
Horologieai Joumai, but so far as I know it 
has not been used ; I still think it a superior 
balance, and worthy of a fair trial : — 

The ordinary compensation balance does 
not compensate for all tcmpcrutures, but only 
accurately for the two extremes to wliich it 
may have been adjusted, and gaining in 
intermediate tempcratuies. 

To obviate this error a birge nniount of 
time and experimenting has been given, with 
more or less success, but I believe perfection 
has not yet been obtain ■d. The iisnnl pro- 
P'^rtion of the bnisa outaidc of the steel rim 
is about 3 to 2, this giving nearly twice the 



thickness of brass that there is of steel. I 
have frequently asked the question, What is 
the brass for, unless simply to alter the curve 
of the rim by its greater expansion and eon- 
traction in different temperatures ? If this is 
the sole reason, there seems to be an error in 
the usual construction, I have seen some 
rims where the brass was no thicker than the 
steel, and these were much more sensitive 
to changes of temperature, and were more 
readily adjusted. In a very thick rim thcro 
is u tendency in the brass to set more or less, 
from the unequal tension, and the rim is not 
so sensitive to moderate changes of tempera- 
ture, and seems to act more irregularly than 
thinner rims. 

This subject is one that I have given much 
thought to for several years ; and to obviate 
some of these irregularities, I propose tho 
corstruction herewith presented, which has 
the brass at first turned down to about 3 to 2, 
and then cut through the brass where the 
rim is to be cut open, and turn the brass a 
true taper from the arm to this cut, leaving 
it no thicker than tho steel at the cut. By 
placing the balance out of centre (in the di- 
rection of the arm), just enough to make tho 
required difference in the thickness, it can bo 
readily turned with a fixed tool in the slide 
rest, swinging or turning the mandrel forward 
and back, the notch in the rim allowing tho 
chip to run out. With a lathe properly ar- 
ranged for this purpose, the mardrel could bo 




run as in ordinary turning, and about as 
rapidly. If the screws are so placed as to 
divide the weight into two or three masses, 
say one part at the end of the cut rim, another 
at about the centre, and the rest used to cor- 
rect and finish the adjustment, I believe that 
an nccTiratc adjustment for all temperatures 
con be made by means of this balance; the 
thin part being so much more sensitive, thnt 
the principal adjustment for temperature can 
be made near the cut end, and tlie adjustment 
ior extremes made in another part of tho i im. 
The screws to all compensation balances 
should have small or conical shoulders, so as 
to bring as small a surface in contact with the 
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rim as poaeible ; for if the bearing against the 
rim is at the outside diameter of the screws, 
it will interfere with the free action of the 
rim until the expansion and contraction freeB 
them from their hearing, and then perhaps 
ttiey are found to be loose. The balances are 
(many of them at least) hammered or rolled 
hefore the final turning, to condense the brass 
and add to its stiffness. It seems to me that 
either of these processes cannot make the den- 
sity uniform ; and to obviate any error that 
may arise from these defects 1 would use a 
series of holes, made as for drawing wire, and 
force the disc of steel and brass through them 
"by means of a flat end punch that just filled 
each hole in the plate. But few sizes would 
he required for this purpose. 

L. F. HUNGER. 
Rochester, N. T. 



MIASURING TOOL FOE LEVER 
ESCAPEMENT. 

I have rend with great interest the article on 
" Measuring Tools for Lever Escapement" in 
your last issue by E. B. The author of this 
memoir mentious my prize essay and points 
out an error committed by me in drawing the 
lifting the angle of the entrance arm. I 
think it willl gratify R. E. that I discovered 
this error toon enough to correct it in the 
French edition of the prize essay (published 
1867), of which I »end you by to-day's post a 
proof-sheet and copy of the corr«et«d diagram 
for R. B.'s inspection. 

But it leemi that it would alio produce an 
incorreotnest to itate the diffi»renee arising 
out of this error to be 2° in all eues, for it is 
aensibly leas in a circular ptdlet, and as the 
subject has been taken up, it will be just as 
well to clear this matter completely. 

In the circular pallet the error in question 
is a very trifling one (about r( of a degree) and 
can be neglected altogether. 

In a pallet with equi-distant lockings, like 
the one spolcen of by B. B., the error is of 
some consequence and would result in a 
sensible diminution of lifting angle. Still, 
ita extent is not the same for both arms of 
the pallet, though the linear variation of the 
circle from the tangent for the breadth of pallet 
arms is equal on both aides. The angle re- ' 



suiting from it is smaller at the second ptll<t 
arm because the distance from the centr* ol 
pallet is greater than with the first arm. Foi 
the first arm it is nearly 2 f and for the second 
arm U°. 

The escapement with the club- toothed wheel, 
if it has eqni-distant lockings, is subject to 
the same correction, though lessened by the 
share of breadth allowed for the ^heel teetL 
Since R. B. expressly invites criticism asd 
as one good turn deserves another, I beg to 
point out an error in his explanation about 
finding the length of lever, though I think it 
likely he may have found it out by himself ia 
the meantime. 

Let 6 c be the acting 
length of lever and a i t!» 
acting radius (not diamctfr] 
of the roller, and n c the dis- 
tftnce of centres. Suppo* 
both parts to be in contact in 
the line of centres, the itb 
of circles described fitim s 
and c clearly show a sensihle 
penetration. On the otia 
hand, if the sum a S -f- it 
were equal to a c, ns E. B. 
represents it, there would be 
only a moment of action it 
the line of centres and all 
action would cease at etctsj 
little distance from this hie. 
I keep for further explana- 
lion to the first eiflmpk 
given by R. B., where i 
centre distance of 0.2 and u 
acting radius of roller of OPo 
are supposed, and the liftiaE 
angle of roller is to be thw* 
times as large as that of the 

The solution on this basis is impossible, ii 
I intend to show, for if the centre distaacf 

and the acting length of roller and its anjile 
are given, the length of lever and ita angl* 
are determined. (Compare my own edition 
of the " Essay on the Lever Escapement," 
p. 136, — 11.) It would be just as impoJ- 
sible to construct a triangle with all thii* 
angles given and the length of more ttan oec 
side optionally put down. 

In a case where the centre distance is fii'"^''' 
as well as the angle of lever and acting nidiii* 
of roller (i.e., when the lever of a finiiJied 
watch must be replaced), the acting length of 
lever must be found, and the lifting angle of 
roller must be accepted such as it resoltc from 
the circumstance?. I refer again to tlie 
diagram: — 
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OiTcn in the triangle a be: 

a b (acting radius of roller) = 005. 

a c (distance of oentrea) = 0-2. 

A C(one-halfcf lifting angle of pallet = 



= *"gW^ = 0-2792. 
A B = 168= 47' 

A A = ISO* - (A B + A C) = ISO" - 

(183» ir + 4') = 180° — 167° 47' = 12= IS*. 

The lifting angle of the roller resulting 

fnm the given lines and angle is thus ^ 2 A 

E> 2S° 26* or nearlr 25^°. 

b c (the acting length of leTer) is : 

a>dn.A OPS iia. ir w _ ooa. o-aiia 

^ m. "^ JETi' 0-0698 

^ SVf^ — 0-1516. 

I tnwt "R. B," will receive these few 
remarks in tiie same spirit I make them, that 
is with the intention of removing u mnch as 
we can the difflcoltieB in the correct and 
reliable execution of this important escape- 
nent. There can be no personal disregard in 
ainsting each other to attain so commendable 
a aim. 

M. OBOSSUAHK, 

Watch Uanufactorer. 
Olaahiitte, Bazeny. 



I hare had this tool in use about six years, 
and find it very useful for detecting faults in 
escapements, depths, Ac, as it is a groat ad- 
vantage to be able to see a watch and hear it 
too at the same time. 

I once spent a whole day trying to ascertain 
the best means to increase the loudness of the 
beat of Qeneva and other small watches and 
often trying lots of different materials, ftc. 

I found a small thin tin box large enough to 
hold the wat«h lying flat ou the bottom, and 
applying open end of box to the ear about as 
good as anything, if not the beet. 

A common percussion cap box about the 
same diameter as width does very well. It in- 
creases the sound very much, and I have de- 
t«cted many a bult by this means. 



J. VIEGO. 



tnndridge, Kent. 



Ear Tnl» Ibr Watoli Work. 

(a) Brass tube about i inch diameter ; (b) 
brass tnbo sliding with some friction inside 
iiahefa); ^<c^ shorttnbeatrightanglesto f^^ 
and joined to it. Not too thick (uhing. 

I Flaceend (cj in right 
I ear and other end (a) 
I on cock of watch or 
I near escapement, and 
I at same time look at 
I part you wish to see 
I through oye-glass, and 
I yon will be able to 
I hear the beat and see 
I theactioB through eye- 
I glass at same time. 
I The tube (a) sliding 
I over ^6) is to adjust 
I length to focus of eye- 
I glaas. Stopping up 
I the end of (a) with 
eetttn irool ora bit of paper prevents any ex- 
tnaeona svoBda being heard. 




A c^niLLOR on the .plan so successfully 
introduced at 'Worcester Cathedral through 
the exertions of the Bev. B. Cattley, is to be 
constructed for the new tower of Cattistock 
Church, Dorchestor. The bells, 29 in number, 
varying in weight from 18J cwt. to 221bs. are 
being cast by Severin Yan Aerschodt, the 
famous Belgian founder, and Messrs. Gillett 
and Bland are making the carillon machine. 

In 1858, a mechanic in Bohemia inrented a 
musical clock-bed, which was so constructed 
that, by means of hidden mechanism, a pres- 
sure upon the bed caused a soft and gentle air 
of Auber's to be played, which continued long 
enough to lull the most wakeful to sleep. At 
the head was a clock, the hand of which being 
placed at the hour that the sleeper wished to 
riso, when the time arrived the bed pUyed a 
march of Spontoni's with drums and cymbals, 
and musical thunder enough to rouse the seven 
sleepers. 

The art of making diamonds has been al- 
most as eagerly sought as that of producing 
gold. The problems are not,' however, the 
same in principle, since to make a diamond is 
simply to crystollue carbon or charcoal ; while 
in producing gold the alchymists attempted to 
change the very nature of bodies, and to make 
gold of all things. Uodem chemistry having 
burnt the diamond, and discovered that the 
product of its combustion is the same as that 
obtained by the burning of charcoal, we would 
suppose that some peculiar compound of char- 
coal might be found which, submitted to such 
process as would allow the carbon to separate 
very slowly in a condition of perfect stillnesa, 
would produce regular crystalline forms. 
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ABSTRACT OP THE EEPOET OBT THE 
UVBEPOOL OBSEEYATOET FOE 1872. 

By JOHN HARTKTJP, Esq., F.R.A.S. 

Transits of stars were observed for time on 
140 days, and on each occasion the errors and 
rates of two sidereal clocks were ascertained. 
During the intervals between two consecutive 
scries of observations, each sidereal clock has 
been compared with the normal mean time 
clock, at 10* a.m. daily, by coincident beats, 
and the error of the normal clock has thus been 
obtained in terms of each of the sidereal clocks. 
It has, however, been found to be unneces- 
sary to alter the time of the normal clock 
between consecutive series of observations; 
and, consequently, the rate of the normal 
as well as the rates of the two sidereal 
clocks has been renderedavailable. When, 
from astronomical observations, the normal 
clock is found to be a fraction of a second 
fast or slow, a vessel containing small shot 
is removed from a projecting piece on the 
pendulum-rod, and shot taken out or added, 
so as to change the rate, and gradually 
bring the clock to correct time. Records of 
the error of this clock at 10 a.m. each day, 
and of the observed time by it that the flash 
of the gun is seen, are preserved for future 
reference. Duplicate comparisons with the 
normal clock have been made at 10 a.m. daily, 
Sundays excepted, of all the chronometers sent 
to be tested. To these comparisons the clock 
errors found subsequently by astronomical 
observations have been applied, and the error 
and rate of each chronometer have thus been 
found from day to day. All the chronometers 
sent to the Observatory to be tested have been 
subjected to a change of temperature of fifteen 
degrees at the end of each week, and the 
extreme range of temperature has been from 
55° to 85° of Fahrenheit. The temperature 
has been changed on each Saturday morning, 
and the difference of error on Greenwich mean 
time, found from the comparisons on Saturday 
and Monday, has been divided by two for the 
first day's rate of each week ; the other five 
daily rates are for an interval of twenty-four 
hours each. . . . The rates of all 
chronometers are affected more or less by 
change of temperature. In a large majority 
of them the amount of change in the rate for 
a L'iven change of temperature is so regular 
that when once ascertained correctly from a 
trial on shore, it may be predicted for subse- 
quent voyages in variable climates. The 
mariner has no means of making observations 
of such refinement as to enable him to judge 
correctly of the quality of his chronometer 
before he takes it to sea ; but it is practicable 



to supply him with a record which enables 
him to see the difference between a good and 
a bad instrument, and to furnish him with 
data, by means of which Le can apply correc- 
tions for unavoidable imperfections in his in- 
struments. The following examples and the 
results deduced from them show the practical 
importance of such information being supplied 
to the mariner. 

In the succeding four examples, the rates 
are given for three definite temperatures only, 
but I hope in this report to be able to show 
that, from the data given in these examples, 
the change of rate due to error of thermal 
adjustment may, by a short and simple com- 
putation, be found for any other temperature 
to which the instruments may happen to be 
exposed. In the meantime, it is my desire, 
first, to draw attention to the advantages of a 
test which provides the means of selecting 
instruments adapted for the temperatures to 
which they are likely to be exposed. If this 
were attended to, the calculations necessary 
for finding the amount of change in the rate 
duQ to imperfect thermal adjustment might, 
on short voyages, be neglected without risk 
of any important error. Of the four examples 
here given, numbers 727 and 863 are best 
adapted for ordinary voyages. In No. 863, 
the change of rate between 55® and 85° 
amounts to but little more than three-quarters 
of a second a day ; whereas the change of rate 
in numbers 731 and 816 amounts to six seconds 
a day, for the same range of temperature. 
This arises from the circumstance that No. 731 
is adapted for an average temperature of about 
9°, and No. 816 for an average of about 104''\ 
If the advantages of an efficient trial were 
rightly understood, no one, to whom this 
Observatory is accessible, would think of 
using a chronometer for the important object 
of finding the longitude of a ship at sea, 
without first having it tested for error of 
thermal adjustment ; but the object for which 
chronometers are received at the Observatory 
appears to be very generally misunderstood. 
Possibly this may be owing to the term 
''rating chronometers" being used to express 
two very different things. The professional 
rater receives chronometers for the purpose 
of rating them during the time that the ship 
is in port ; on the ship sailing, he, from th& 
best knowledge that he can obtain of the rate^ 
on shore and at sea during previous voyages,.* 
forms an opinion as to what the rate is likely^ 
to be during the next. voyage; if the rate 01^= 
shore differs little from the rate at sea, thc^ 
shore rate is usually given, but if the differ— ' 
ence should bo considerable, the sea rate, or -• 
something intermediate between the two, i 
at the discretion of the rater, adop 
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ROTATION NUMBER. 



ROTATION NUMBER 



727 



731 



] 


DAILY RATE. 


Mean 




DATE. 




Tempe- 
rature 






1 






Gaininir LosiDg- 

1 


Fah. 




1872. 


SECS. 


SECS, 


DEGS. 




February . . 19 




2-3 


55 




..20 




2-4 


55 




..21 




2-6 


55 




..22 




3-3 


55 




..23 




31 


55 




..24 




3-5 


55 




Mean 




303 


55 




February .. 26 




1-8 


70 




.. 27 




20 


69 




..28 




1-8 


69 




..29 




2-4 


70 




March . . , . 1 




1-4 


71 




ft . . # . 2 




2-3 


71 




Mean... . 




1-95 


70 




March .... 4 




3-3 


85 




,, .... 5 




3-3 


85 




„ .... 6 




3-2 


85 




,, .... 7 


30 


85 




,, .... 8 


30 


86 




,, .... 9 


• 


30 


85 




Mean. .. . 


• 


313 


85 




ilarch .... 11 


• 


2-1 


69 




„ .... 12 


• 


20 


70 . 


„ .... 13 


• 


1-6 


71 


14 


• 


1-6 


70 




,, .... 15 


• 


21 


70 




„ .... 16 


• 


1-4 


71 




Mean. ... 


• 


1-80 


70 




March .... 18 


1 

• 


3-2 


56 




if .... 19 


• 


2-6 


55 




„ .... 20 


• 


2-2 


55 




„ .... 21 


• 


2-6 


56 




„ .... 22 , • 


3-4 


54 




,, .... 23 


• 


2-8 


54 




Mean.... 

• 


• 


2-80 


55 







DAILY RATE. 


1 
Mean 


DATE. 






Tempe- 




1 


1 
I 


ratore 


• 


Gaining Losing. 


Fah. 


• 

1872. 


SECS. 


SECS. 


BEOS. 


February . . 19 


3-6 




55 


..20 


41 




55 


..21 


3-7 




55 


„ ..22 


3-8 




55 


„ ..23 


3-7 




55 


..24 
Mean. . . . 
February . . 26 


3-6 


• 


55 


3-75 


• 


55 


10 




70 


..27 


1-7 




69 


..28 


1-8 




69 


..29 


1-3 




70 


March . . , , 1 


1-2 




71 


M • • 2 

Mean. . . , 
March .... 4 


10 




71 


1-33 


• 1 70 


• 


2-3 


85 


^ „ ..5 


• 


21 


85 


„ ..6 


• 


2-2 


85 


..7 


• 


2-2 


85 


„ ..8 


• 


25 


86 


n ..9 
Mean. . . . 
March .... 11 


• 


2-2 


85 


2-25 

1 


85 


0-9 




69 


..12 


0-9 




70 


„ ..13 


0-9 




71 


..14 


0-8 


, 


70 


..15 


1-3 




70 


..16 
Mean. . . . 
March .... 18 


0-9 




71 


0-95 




70 


3-5 




56 


.. 19 


3-9 




55 


..20 


3-8 




55 


..21 


3-0 




50 


..22 


41 




54 


..23 
Moan. . . . 


41 




54 


3-83 


. 


55 



58 
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ROTATION NUMBER. 



ROTATION NTIMBER. 



816 



868 







DAILY RATE. 


Mean 








DAILY RATE. 


Mean 


T 


>ATE. 






Tempe- 
rature 
Fah. 




■ 
1 


DATE. 






Tempe- 


j^ 


Gaining Lofdng. 


Gaining Lofling. 

1 
1 


rature 
Pah. 




1872. 


8EC8. 


SECS. 


DEGS. 




1872. 


"SECS. 


SECS. 


DEGS. 


April 


29 

30 


2-4 
2-2 


• 
• 


85 
85 




Tune 


24 

25 


• 
• 


0-5 
0-2 


86 

85 


"May 


1 

2 


1-9 
2-1 


• 
• 


85 
86 






...... 26 

27 


• 
• 


0-1 
0-5 


85 
84 


yt 


3 


2-2 


• 


85 






28 


• 


0-4 


86 


tf 


4 

Mean. . • . 

6 

7 


2-5 


• 


84 




July 


29 

Mean. . . . 

1 

2 


• 


0-3 


86 




2-22 


• 


85 


• 


0-33 


85 


May 


0-0 
0-4 


• 

• 


70 
70 


0-1 
0-2 


• 


70 
71 




8 


01 


• 


70 






3 


0-3 


. 


71 




9 


0-0 


• 


70 






4 


0-2 


• 


70 




10 


0-3 


« 


71 






5 


0-2 


• 


69 




11 

• 

Mean .... 

13 

14 


0-3 

• 


• 


71 




July 


6 

Mean. . . . 

8 

9 


01 


• 


70 




0-18 


• 


70 


0-18 


• 


70 


May 


• 


3-7 
3-9 


55 
55 


• 

• 


0-6 
0-4 


55 
55 




15 


• 


3-2 


55 






10 


• 


0-5 


55 




16 


• 


3-4 


55 






11 


• 


0-4 


55 




17 


■ 


3-4 


55 






12 


. 


0-2 


55 




18 

Mean. . . . 

20 

21 


• 


3-6 


55 




July 

II 


13 

Mean. . . . 

15 

16 


• 


0-5 


56 




• 


3-53 


55 


• 


0-43 


55 


May 


0-3 
01 


• 
• 


70 
71 


0-4 
0-4 


• 
• 


70 
70 




22 


0-1 


. 


69 




II 


17 


0-3 


• 


70 




23 


• 


0-1 


70 




yy 


18 


0-4 


• 


71 




24 


0-2 


• 


70 




}f 


19 


0-3 


• 


71 




25 

Mean. . . . 

27 

...... 28 


0-3 


• 


70 


! M 

1 


20 

Mean. . . . 

22 

23 


0-3 


• 


69 




0-15 


• 


70 






0-35 


• 


70 


May 


2-2 
31 


• 
• 


85 
85 


July 

II 


• 

• 


0-2 
01 


85 
87 


y» 


29 


31 


• 


85 


1 }} 


24 


• 


0-2 


85 


»y 


30 


31 


• 


85 


t) 


25 


. 


0-7 


85 


II 


31 


2-6 


• 


84 


„ 


26 


• 


0-6 


86 


Jane 


1 

Mean. . . . 


30 


• 


86 




f* 


27 

Mean... . 


■ 


0-h 


86 




2-85 


• 


85 


• 


0-57 


85 



J>ao , 1878.] 



THE HOBOLOGIOAL JOURNAL. 



69 



At the Eoyal Observatory at Greenwich, and at 
the Liverpool Observatory, chronometers are 
also said to be rated, but the object of rating 
them at these establishments is to test the 
instruments, as regards their quality for steadi- 
ness of rate, from day to dayj and from week 
to week, and to show the variations of rate 
caused by change of temperature. The diffi- 
culty in predicting the rate for a voyage arises 
from the imperfect state of the instrument ; 
and by a weU-arranged and carefully con- 
ducted test, these imperfections may be so 
exhibited as to enable the mariner to avoid 
the danger which must frequently follow from 
the neglect of such precautions. The Green- 
wich mean time is now so easily obtained in 
most seaports, that there can be no difficulty 
in ascertaining the daily gain or loss of a 
chronometer, if the rate so found could be 
depended on. The communication of time to 
the Port of Liverpool, by the firing of the gun 
which is placed on the Morpeth Dock Pier 
Head, has been so successful that the difference 
between the flash of the gun and 1 p.m. 
Greenwich mean time has not, on any occa- 
sion during the past year, been such as could 
lead to an error in a ship's longitude to the 
extent of the width of the Mersey opposite 
the point on which the gun is placed, and by 
observing the flash of the gun on two occasions 
at an interval of a few days, the rate of a 
chronometer may be obtained with suffioient 
accuracy for most practical purposes. The 
rate so obtained might, however, differ very 
much from the rate at sea, if the temperature 
in which the rate was obtained in port differed 
much from that to which the instrument was 
exposed on the voyage. 

Imperfect thermal adjustment is a defect so 
well-known, that during the past thirty 
years the attempts made to improve the quality 
of marine timekeepers have been maLoly con- 
fined to the compensation balance. Balances 
have, without doubt, been made to compen- 
sate for change of elasticity in the spring 
throughout long ranges of temperature, but 
there is evidently some objection to their 
general adoption for the merchant navy. It 
is possible that the thinness of the laminae, 
and peculiarity in the construction of balances 
which are mtide with the view of removing 
the defect above named, may render them less 
permanent in their action, and more liable to 
injury in the hands of a less skilful mechanic 
than the original maker; but however this 
may be, the ordinary balance seems to be 
almost universally used in the merchant navy. 
At the New Observatory chronometers are tried 
in three definite temperatures, with the view 
of showing the amount of change in their rates 
doe to error of thermal adjustment, and more 



than one thousand marine timekeepers have 
now been tested in 55°, 70°, and 85° of Fah. 
From a careful examination of the records of 
these tests there appears to be a definite tem- 
perature peculiar to each chronometer in which 
the instrument goes faster than in any other 
temperature, and as the number of degrees 
above or below this temperature of maximum 
gaining rate increase, the chronometer loses in 
a rapidly increasing ratio. If we assume this 
law of variation to be that the change of rate 
is directly as the square of number of the 
degrees from the maximum gaining rate, the 
rates calculated on that assumption are found 
sensibly to agree with those obtained from 
observation ; therefore, if we have the rate 
from observation for each of three definite 
temperatures, as given in my last two reports, 
we can find, by computation, the correction 
for error of thermal adjustment due to any 
other temperature. In order to do this it is 
necessary to find — 

T . . the temperature in which the chrono- 
meter has its maximum gaining rate, 
R . . the rate at the temperature T, and 
C . . the factor, or constant number, which 
multiplied by the square of any given 
number of degrees from T shows the 
amount of loss for that number of degs. 
The following examples show the method 
of calculating- C, T, and R from the observed 
rates in 55°, 70°, and 85°, taken from Table 1 
in this report. \ 

Let N = any number of degrees from T, 
then the Rate at T -f N = R -f C X N^ 
Required the Rate of No. 727 at 40° 
Here N = 29-31 and N' = 85908, 
Therefore the Rate at 40° = — 1-88 + 
(_ 000509 X 85908 = — 6*25. 

The values of C and T remain the same for 
long periods ; as a rule, they do not sensibly 
change so long as the adjustments are not 
altered, and the instrument remains in good 
condition; but R is more changeable, and 
should be redetermined on all favourable 
occasions. To find the change in R the rate 
must be first carefully found in some definite 
temperature. Suppose, for example, that at 
some subsequent time the rate of No. 727 
was found to be — 2-13, instead of — 3-13, 
in 85°, then the rate at T would be — 0-88, 
instead of — 1*88 ; but it might not be con- 
venient to obtain the rate in either of the 
temperatures in which the rates are given in 
the test, and then it may be found as 
follows : Suppose the rate has been found to 
be — 1*55 in 81*5, then the rate must be 
computed for "81*5, on the assumption that R 
has not changed, and the difference between 
the rate observed and the rate computed will 
be the correction to be applied to R. 



60 THE HOEOLOGICAL JOURNAL. fDro., 1878 

■ 

EXAMPLE 1.— No. 727. 
Eate in 55° = — 292 - - - r 

r — r' = — 1-04 - - - d 
„ 70 = - 1-88 - - . r' 

r'- r"= + 1-25 - - . d' 
„ 85 = — 3-13 . - - r" 

d — d' = — 2-29 
d + d' = + 0-21 
2(d — d') —4-58 

C = = = — 000509 

30' 900 

d + d' + 0-2 

T — 70 = = = — 0-69 

C X 60 — 0-3054 
T = 70 — 0-69 = 69-31 

d + d' 
R = r' — (T — 70) = — 1-88 + 0*69 x 0-0035 = —1-878 



60 






EXAMPLE 2.— No. 731. 




Rate in 55° = + 379 - - 


r 






r — r = + 2-65 - - 


- d 


„ 70 = - 1-14 - - 


- r' 






r' — r' = + 3-39 - - 


- d' 


„ 85 = — 2-25 - - 


. r" 

d - d' = - 0-74 
d + d' = + 6-04 




2(d - d') -1-48 






Q 


0-00164 




30' 900 




d + d' + 604 






T 70 


61-38 





C X 60 —00984 
T = 70 — 61-38 = 8-62 

d +d' 
R = r — (T — 70) = + 114 + 61-38 X 0-1007 = + 7-32 
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s. 


EXAMPLE 3.-^ No. 816. 




Rate in 55° 353 


- 


r 








r — r 3-70 - 


- - d 


70 — + 0-17 


- 


- r' 








r — r" 2-37 - ■ 


- - d' 


85 = + 2-54 




- r" 

d — d' 1-33 

d + d' 607 




2(d + d') - 


2-66 






C 




— 0-00296 





30' 900 

d + d' — 6-07 

T — 70 = = = + 3418 

Cx60 —01776 
T = 70 + 34-18 = 10418 

d +d' 

R = i' — - (T — 70) = + 0-17 + 34-18 x 01012 = + 363 

60 

FROM THE PRECEDING EXAMPLES. 

ME.VX DAILY E.VTK 

in 55° in 70° in 85° C. T. R. 

No. 727 —2-92 — 1-88 — 3-13 — 000509 6931 —1-88 

„ 731 +3-79+1-14 — 2-25 —000164 862 +7-32 

„ 816 — 3-53 + 0-17 + 2-54 — 000296 10418 + 3-63 
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The computation is as follows: 8-15 — G9-3 
or N = 12-2 and 13-2' = 14884 ; 

Thtrofore, the rate at 81'5 == — 1'88 + 
( — 000509 X 148-84 = —2-64. 

Obaen-ed rate in 81-5 = — 1-55. Com- 
puted nite in 81-5 = — 2-64. The losing 
rate at T must therefore be diminished by 
1-09, making the newly found 11 = — 0-79, 
insteadof — 1-88. 

For any chronometer which has been 
allowed to remain at the ObHervotory for a 
period of five weeks, the certificate of test 
issued with the instrument contains the 
necessary data for calculating the correction 
due to imperfect thcnnol adjustment. 



SijttcrB to the Oidilor. 



Sir, — When I wrote tKc letter you pub- 
lished in the October number of the Horologicai 
Journal, it was not my wish to open any 
discussion on the ments of going barrel 
watchea. I only wished to mention some 
facts, as I happened to have a going barrel 
watch with the report from an Observatory, 
which ip, at least so far as I know, as much 
to be relied upon as any other Obeervatoiy. 

" A Member of the Horologioo! Institute" 
)»as, however, answered my letter ii such a 
■^ay that I, though reluctantly, will ask you 
liindly to allow me a little space in your 

The "Member" makes me say that the 
fusee is a useless conlrivance, only calculated 
to deceive the ignorant amongst tt-atehmakers. 
3 have not said so. I did not mention n atch- 
ioakera at all. I said "tlie great mass of 
Jieople who are entirely ignorant of watches 
nnd watchmaking." 

I came to think ao, btcauso I have seen in 
anany shops where they sell watches, that 
£oing barrel watches are marked aa having 
'snaintaining power. i do not know how 
going barrel watches can be made without 
maintaining power; therefore, what is the 
object in marking the watches like that, 
unless it is to make pcopb believe t! at if 
the watch has maintaining power it must also 
have a fusee, and that the same watch would, 
as u matter of coarse, be better for having a 
fusee. This I think is a mistake. 

The " Member of the Horologicai Institute ■ 
asks "if Mr. Lange really believes that a 
main spring, which makes a watch fall off 
in the vibration a quarter of a turn when 
nearly down — (1 suppose that means when 
tbe wittch has gone fully 24 houre), — can 



make a watch go so well as a watch with A 
fusco and a tapered main spring with the 
least amount of fi-iction and pulling, with 
equal force on the train all through, all 
things in both watches being alike." 

No ; I do not think so. 

But the above has really nothing to do with 
the question, and is only calculated to mis- 
lead those that do not understand watchmaking. 
I never saw a going barrel watch, not even a 
common horizontal one, fail off a quarter of a 

How many fusee watches have a tapered 
main spring nhich pulls with equal force all 
through the train ; and supposing they have 
when new, where do the greatest number 
of watch repairers get tapered main springs 
that fit the old fusee so as to pull with equal 
force all through ? 

Does "the Member" really believe that 
when a new main spring is put into an 
onlinary fusee watch, that the jobber takes 
any trouble to know if the main spring is 
tapered or not ? To my certaia knowledge 
very few jobbers use the adjusting rod at all. 
That being the case, what is the use to ask 
mo such a question f It proves nothing. 

The "Member" finds fault because I 
support my argument by a watch not of my 
own make. Wiat does that signify? If 
the watch had fallen down from the moon it 
would have been the same thing. The fact 
is simply this, I had a going barrel watch 
of an ordinary size, which made an average 
variation in about two months of -ft of a 
second, and makes no difference between 
hanging and lying. If I had w-ritten the 
lelter for the sake of advertisement, I should 
have mentioned u watch of my own making. 

Only one remark more. "Why do not gen- 
tlemen put their names to the letters they 
publish in the Journal? Arc they afraid to 
acknowledge their own opinions? I can 
understand young men who want information 
not wishing to let us know who they are; 
but men who speak with authority siiould 
not hide their names. 



, Strand. 



cheistia:! lange. 



Sir,— With reference to Mr. Thos. Nickall's 
letter in your last issue, permit me to state 
that in this neighbourhood is a very well 
made turret clock bearing the following in- 
scription on the inside dial : — " Charles 
Penton, Upper Moorfield*, London, 1773." 
"Will not this answer the above-named corre- 
spondent's query ? — Yours, Jtc, 

JAMES PADBURY. 

Bishop's Wattham. 
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Sib, — Should a prize be given at the ex- 
hibition of work for the best specimen of 
gilding, I sincerely hope that the judges 
in awarding such prize, will be influenced 
more by the hardness of the brass-work that 
has undergone the process, than by the beauty 
of flnish in the gilding itself. 

It is a notorious fact that the greater por- 
tion of the watches made in this country at 
the present day are, if not spoiled, at any rate 
greatly deteriorated by gilding ; notwith- 
standing which we go on year after year on 
the same system. Although the plates are 
made of hard-rolled brass, well hammered 
stoppings are put in, to secure the highest 
degree of hardjiess for the pivot holes, after 
which, by a strange inconsistency, the whole 
is put into the fire and annealed, for the mere 
sake of improving the appearance of the gild- 
ing ! The matter is on the face of it so very 
absurd that I sometimes find a difficulty in 
making my customers believe it, when ex- 
plaining the reason for my work not being 
gilt. I have frequently mentioned the subject 
to members of the trade, but, while acknow- 
ledging the fact, they usually pass it by as a 
trifling matter unworthy of their considera- 
tion. Some years ago, however, a Coventry 
manufacturer called on me offering some low- 
priced watches for sale, and, on my remarking 
that the work, though very plain, would be 
sound but for being spoiled by bad gilding, 
asking him at the same time why he did not 
machine-spot or otherwise finish the plates, 
and polish the barrel and wheels, he fa- 
voured me with the following remarks : — 
Firstly : Jewellers and others that he served 
would not like the appearance of the move- 
ment so well as though gilt, and consequently 
the sale would be interfered with. 

Secondly: That watches lasted too long as 
it was, and that it was undesirable to do any- 
thing to make them last longer. 

Thirdly, and lastly : That if steady-pins did 
get loose, screws overturn, great wheel-teeth 
get bent, pivot holes elongate, barrels get out 
of shape by the breaking of mainsprings, &c., 
&c., so much the better for myself and others 
who undertook the repairin«i: of watches. I 
am afraid that this represents but too truly 
the feeling of many others. 

Movements may, if care is exercised, be 
water-gilt without any appreciable softening 
of the brass ; but this is too expensive for the 
cheaper kind of work. Machine spotting 
gives a very ornamental finish to the plates ; 
but, so far as I know, there are only one or 
two in Clerkenwell who undertake it, and 
their charges are high. But that it may be 
done at a small expense is evident from the 
fact that many of the lowest-priced Geneva 



watches are machine-spotted. I have been in 
the habit of finishing the plates of my cheaper 
watches with charcoal and oil, giting them a 
curl with a piece of charcofd cut up to 
a blunt point, and slightly bevelling and 
burnishing the edge of the upper plate. 
This makes a neat finish, and the oil being 
worked into the pores of the brass, protects it 
from tarnish to a considerable extent ; so that 
when watches come into my hands, after an 
interval of two years, for cleaning, the plates 
are scarcely discoloured. Still, I should be 
glad to hear of any better method ; and hope 
that at any future exhibition of work a prise 
will be offered for the best mode of finishing 
watch plates without gilding. 

V. M. DAWES. 

160, Upper-street, Islington. 



Sir, — Thinking it may be an object of in- 
terest to many of your members, and detdring 
some information myself respecting it, I have 
deposited for a few days in your museum the 
broken escapement of an old chronon^eter I 
possess which bears upon the dial the name of 
'' Cummins, London." All to whom I have 
shown the escapement declare they have never 
seen the like. I am thinking of replacing 
it with a modem one, at the same time I 
should be reluctant to do so if it posseses 
any historical value. — Yours, &c., 

J. B. DYER. 



Sir, — A late correspondence by ** Clerken- 
well," Aug. 13, speaks of an inconvenience in 
keyless watches, and, in order to avoid it, 
wishes to introduce an up and down indicator 
into the going barrel movement. This, how- 
ever, would be rather difficult, since the barrel 
arbor is stationary when the watch is going, 
and rotating when it is wound. At any rate, 
it would be an exceedingly complicated matter, 
and a source of other irregularities, or, if 
made in the simple way quoted of an old 
BreQuet watch, it would attain the purpose at 
a considerable sacrifice of height of the watch. 

But, on close investigation, it seems that a 
very simple remedy may obviate the difficulty 
in question, which arises, if one of the teeth 
of the wheel on the barrel arbor by an excess 
of winding strain, is forced beyond the click 
and held in that position. If that wheel is 
of large diameter and the teeth in it are small, 
and especially if the stop- work is at one end 
of the arbor and the winding wheel at the 
other, a certain degree of tension is exerted 
on the arbor nnd acts to increase the motive 
power of the mainspring, whicb, at the same 
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momeiity is at its maximum. This often causes 
a violent banldng of the watch during seyeral 
minutes, much to the discredit of the watch, 
which, when carefolly treated, is perhaps an 
excellent timekeeper. Mr. A. Lange has 
found out a very simple remedy against this 
extra strain, by allowing the click a little 



SFo dIorrf»^ondi?uis. 



An TJnbelieveb. — The moveable weights men- 
tioned in our description of the Westminster 
Clock in the November number of the Jovunal 
ull^m^', wScrreWs^the^terbimme- ^!>ayhave sonidhing to do wUh the discrepancm 



diately after it has been created. 

It is true that this arrangement realises but 
one of the desiderata of ** Clerkenwell," but I 
think this one the more important one of the 
two, because it prevents any injury to time- 
keepine by excess of winding strain, and the 
convenience of verifying on the dial whether 
the watch is wound up or not, will most likely 
not pay by itself the expense of an up and 
down indicator. 



M. GROSSMANN. 



Glashiitte. 



IJottings by ¥. G. Behoof. 

An advantage of using a cylinder short in 
the acting part, so that the escape wheel 
tooth only just frees the upper pivot properly, 
is that the oil being attracted to the upper 
pivot or plug, each tooth as it passes into the 
cylinder is — as it were — immersed in an oil 
box. Whereas with a longer cylinder the oil 
as before being attracted to the comer, is drawn 
away from the teeth of the wheel. 



Many may not be aware that French pen- 
dules may be brought to time in a few minutes 
by countmg the beats of the pendulum. The 
traini of these clocks being always arranged 
80 that the escape wheel makes two revo- 
lutions per minute, or four vibrations for each 
tooth per minute, it is evident that with a 
fegolitor or seconds watch handy errors can be 
ascertained by observing whether the number 
of beats the pendulum makes per minute 
equals four times the number of teeth in the 
®w^ wheel. The above does not apply to 
^icuch dram clocks. 



in the weight of the pendulum as given by 
various atUhorities. Another point is thai 
some mentum the weight of the bob alone, while 
others in the weight given^ indicate the whole 
pendulum. 

Can any of your readers tell me in what 
respect the hook tn the barrel is better than the 
square sted hook in the main spring. — P. K, 

G. V. S. — The promised remarks on irregu- 
larities in the timekeeping of clocks are not yet 
to hand. 

Can any correspondent inform me if magnet- 
ism can be got otU of steel, otherwise than by 
heal. Thai heat will do it 1 have proved, as 
with a magnetised compensation bcuance that 
recently came under my notice, I found that by 
placing the balance on a heated ferrule (having 
a larae hole in the centre to prevent tne staff 
discmurina) and suddeidy blueing it, the mag- 
netism had entirely disappeared. The sudden 
heat, however, liaa put the balance so much out 
of truth thai itwas amatterofsome difficulty to 
get it true again, in addition to which the blue 
had to be left on. I am told that magnetism 
can be more effectually and easily removed from 
any piece of steel unth a magnet. If this is so, 
can any correspondent tell me the exact means 
to adopt, especially with a circular piece like a 
finished compensation balance ? — Juniob. 



Kyots and acting surfaces of watchwork 
^ooli not be polished with diamantine. 
/blether the diamantine gets mechanically 
incorpwated with the steel, or in what way 
^ eSwt is brought about I cannot say, but 
Ihrt observed tiiat with the most careful 
^^^toingthe holes in which surfaces so polished 
^^ are very quickly worn away, and for 
Poliihaig wearing suiiaces diamantine must 
k abndnied for red stuff . 



How TO Make Money bt Patents (by 
Charles Barlow). — Third edition : Marlbo- 
rough and Company, Warwick-lane. A 
well- written book, containing much informii- 
tion useful to would-be patentees. Mr. 
Barlow draws some charming pictures of men 
who have benefited the nation, and obtained 
wealth and position for themselves, by their 
inventions, and although the majority of those 
who are unfortunate enough to invent any- 
thing cannot hope for such happiness, they 
may find plenty in the book before them to 
repay a careful perusal. 



The annual festival of the Clock and Watch 
Makers' Asylum was held on Tuesday, No- 
vember 11th, at the Cannon Street Hotel, 
Mr. Samuel Jackson, chairman of committee 
presiding. We were not favoured with an 
invitation, and are therefore unable to give any 
report of the proceedings. 
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The Manufacture of Watches as carried on at the Works of the 
National Watch Company.— Elgin, Illinois, U.S. A. 

A Lectare delivered at the Institute, on Wednesday, Dec. lOth, 1873, 

By Mb. T. PERKINS. 
Mr. JACKSON (Treasurer) presiding. 



Teik Chaibuax, after apologising for the 
iaadequate size of the rooms, introduced Mr. 
Perkins, from whose practical experience of 
the vatch bctories of the United States, he 
anticipated a lecture that irould repay the 
most careful attention of the members 
present. 

The Lbtfubeb, having briefly sketched the 
usual mode of initiating a watch factory, 
continued as follows : — 

" The gentlemen employed in its initiation 
brought with them a staff of skilled workmen, 
who were at once set to work building ma- 
chinery in a room in a foundry fitted up for 
the occasion. The next thing to be done was 
to erect a factory buildinir. This must be 
accomplished, not oaly with a view to the 
early needs of the company, but also in such a 
manner that while space may he economised 
at first, it may also be used advantageously 
. when the exigencies of trade should call for 
an extension and an increase in the labour- 
roll and power of production. Such a plan 
was adopted as would enable the corporation 
to build commodiously for the production of- 
forty movements per diem, while means of ex- 
tension were provided, lootdng from and to 
the manufacture of 400 to 500 movements per 
day and the employment of 1,000 operatives. 
Appended are plans of the ground and first 
(Kg. 1-) 





1 


Ion rf Uie El«ii 


[kctory. These with the 



indices attached will perhaps prove of use in 
following the growth of the watch, as it is 
developed from the raw brass and steel into a 
thing of beauty and of life. The building is 
of yellow brick with sills and lintels of cut 
freestone. It is commodious and well ar- 
ranged, and only lacks a perfect Bystera 
of ventilation to make it a model factory, 
(Kg. 2.) 




0) 


(« 








Cloak Roam 


3. JovcUejy Room 




4. Flat Btee& Screw do 


Did do. 


6. ■ScapeiQOnt ilo. 


SmTOiy do. 






Pre8.-< do. 




Fire Proof do. 




Smoke Stack 





10. 

This lack is one which is in truth of more 
importance to employers than appears on the 
surface. Not only is the ill effect visible 
in the pale cheeks and ruined constitutions 
of those who nre penned up in the close 
overheated rooms, to breathe for ten houra is 
each day their fellow prisoners' exhalations ; 
but weic the rooms properly ventilated the 
result would soon be mode manifest in the 
greater average of hours made monthly by 
each employo and of course in the iucrease of 
profit to the company. It will he seen from 
the diagrams that the buildings assume the 
form of a block-letter T, with the addition^ 
necessary buildings in the angles and to tha 
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rear. It will be found that the form adopted 
permits an extension of a central block and 
two wings at the rear to match the front, 
while if it be then found necessary to use still 
further room, the ends of the re^ective wings 
may be joined, giving four additional rooms 
of 100 feet cf ch, and making a working ca- 
pacity in the whole factory for at least 1,500 
employes. Haying now made ourselves ac- 
quainted with the building and its interior 
arrangements, let us people it with the work- 
men whom we left in an out workshop. "We 
shall find that we bring into operation the 
machine, carpenters, and pattern room, the 
smithy, and the draughtman's office. The 
latter is a busy, Quiet place at all times in the 
life of the factory, for there is the chief 
mechanical brain always at work plan- 
ning some new machine, which shall perform 
some little operation somewhat better or some- 
what quicker than did the old tool ; but in 
the infancy of the institution the brain and 
pen in that little room are busy indeed, for 
thence proceed all the working drawings of 
all the machines and tools, general and special, 
to be 118^ in the contemplated manufacture. 
Pass we with this lot of drawings from the 
office to the room where are prepared the pat- 
terns for the coming machinery. Skilful work- 
ers in wood are these pattern makers, and they 
need be. As a boy I remember standing and 
gazing in wonderment at the strange shapes 
which were produced in the casting shops at the 
railway works in our town. But of all the 
odd shapes for castings ever produced, com- 
mend me to the pattern room of a watch fac- 
tory. Patterns and castings prepared, let us 
betake ourselves to the machine shop. This 
place we need scarcely describe any further 
than to state that as far as the machine shop 
of a gun factory is beyond that of any ordi- 
nary manufacture, so far is the machine room 
of a watch factory beyond that of the most 
complete gun factory extant. And this su- 
periority is not only in number and arrange- 
ment of tools, but also in the delicacy and 
finish of the machinery employed. Hero are 
to be found lathes which would be stigmatized 
as toys in any ordinary metal works, and some 
maclunes are here also, a speciality among 
which we may mention the parallel grinders, 
by which arc reduced to exact size and truth 
the hardened spindles and bearings of the va- 
rious tools. It will not be necessary to detail 
the varied tools to be found in this room, 
comprising, as they do, large and small 
planers, engine and speed lathes, drilling and 
milling machines, taps, dies, drills, and coun- 
tersinks. All these are here, presided over by 
workmen who are leaders in the ranks of prac- 
tical mechanism. These take the working 



drawings, and by dint of planing and turning 
and milling and filing they convert the rough- 
looking casting into the beautifully-finished 
tool which we shall soon meet with in some 
other department. As the draughtsmi&i's 
office is the brain of the factory, so the ma- 
chine department is the heart. Were it al- 
lowed to deteriorate in any way, the whole 
establishment must decline. In fact, it is not 
too much to say that the success of the factory 
depends upon the efficiency of this depart- 
ment. Before we review the manufacture 
proper let us look round the out-buildings and 
find what is being dene there. Down over 
these steps and across the yard, and we find 
ourselves in the engine room. A beautiful 
piece of workmanf-hip is the engine, and 
justly proud of his charge is the fat, jolly 
engineer, as he tells us that ** she is 35 H.P., 
and in the six years that I have run her she 
has never gone back on me once." The pon- 
derous fly weighs 3,000 lbs., and yet, with its 
connected shafting, it is so delicately poised 
and adjusted that when at rest it can be started 
and turned easily by a child. And so, minute 
after minute, hour upon hour, day in and day 
out, this engine throbs on, turning some 3,000 
feet of shafting on which are puUies by the 
thousand and belting by the mile. The shaft- 
ing is run at a uniform speed of 218 reTolu- 
tions per minute. In the next room west i5 
the smithy. Here a smith and a striker are 
kept busy in forging the varied sizes and 
shapes, in steel and iron, necessaiy for tho 
spindles and taps, bolts and nuts, cutters and , 
reamers to be used in the machine shop. -^ 
perfect model of a smithy it is, too. The old 
bellows is nowhere to be found, but is re- 
placed by a fan, tubes, and slide-valve, operated 
by a short lever which, as occasion require?, 
the workman depresses, and a draught is 
created which will speedily arouse a fire such 
as the most ardent smith may desire. ^^ 
few rods to the repr are the gas works, the 
fireproof vault, the fire-engine house, and the 
carpenters' shop. In the latter building four 
men are kept constantly employed, doing the 
thousand and one things which are tobeionod 
in any place in which 600 hands are employed- 
Drawers have to be made, cupboards and 
benches and racks must be fitted, boxes and 
nests peculiar to the trade must be provided 
to receive the pieces and moyements during 
the manufacturing processes. Polishing 
blocks and slips must be made and kept in 
order, and machines and treadles haye to be 
set up day by day. Eeturning aeross the 
yard, we wiU enter the first manufsMstiiring 
room proper — the pr«8S room. This is w&r 
out doubt the initial point of the watch move- 
ment. Here we find presses, punches, and 
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which are used in ths fommtioti of 
I to be ooHTerted hereafter into finished 
The presa is sncli as may be found in 
lachine sbop, bat the punches and dies 
jmply marrellous. Some are plain 
.es, and through dies, such as are used 
paring the blanks for plates, pottances, 
B, cover-bridges, cocks, hour and 
e Trheela, steel work and several small 
liaor objects. The triumph of the room 
nhed in the punch and die used to form 
osied wheel blank. The old method vas 
rk out the arms and pat on a solid wheel 
I size desired, and tiieu with drill and 
remove the Buperfluona metaJ. Now it 
T dick ! click ! and the blanks are ready 
i at the rato of several thousand per 



that when it descends and prases through the 
braes to a level with the face of the die it re- 
turns carrying the blank wheel on ito ontor 
circumference, Before it ascends Tery far, 
however, a little five-fingered hand reaches 
down the interior and exterior of the punch 
and gently saying " Oct thee gone, fhend," 
quietly forces the blank off, and it drops into 
a receiver under, and is ready to have teeth 
cat on its outer circumference. The manner 
in which the blanks for dials are made u 
curiouB, requiring three separate subjections 
to the press, and coming out finally with tho 
recesses for the dial feet made and the hour 
and seconds' holes prepared for the reception 
of tho enamel. We will now take some of the 



plate punchings, and, passing through the 
Briefly, the manufacture of the new j basement, we will enter the plate room. 
>f article ia this : The brass is rolled and Before we commence to follow the pjowth of 



strips of an uniform thickness and 

The die is formed of hardened steel, 

the exact size and shape of the wheel 

ed ; while the punch is fitted so exactly 

(Kg- 



the movement here we will notice the make 
of the principal tools arouud us. The old 
combination or the spring chuck lathe is a 
wonderful invention. We give a diagram ia 




I showing the principles involved in it. 
1 be seen that it consists of a hollow 
I ^indle A, which runs in taper 
gi S B. The back taper is a separate 
from tho hollow spindle, but is se- 
to it by a screw. The rear end of 
lollow spindle is tapped to receive 
sk nnt C, with which the end shake 
be taken np. The front end of the 
r spindle is herelled to receive a 
' ebnok, which passes down its inside 
• dnvn to its bending petition by 



an inside bolt, Operated from the back of the 
spindle. A plan of the chuck, and a side 
view of the chuck and bolt are given. This 
lathe is very much used for many operations 
in this department, but it was found not re- 
liable enough when a number of different 
articles were to he turned with an exact 
regard to thickness ; and so the neceasity 
arose for on invention to correct this fault. 
The ingenuity of the machiaist rose equal to 
the occadon, with the three-bearing lathe. 
In the tool wo have just described i.t ^i%Ui. \» 
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remembered the chuck was drawn down t^, 
the bevelled bed of the hollow spindle. It is 
easy for us to see that a little more or less of 
a turn of the bending bolt would place the 
face of the chuck a little nearer to, or farther 
from, any fixed cutter before it. So, it was 
thought, the only method to be used was one 
in which the chuck face should be fixed. 
This was done by adding another bearing, 
making the hollow spindle a fixture in rela- 
tion to the revolving parts, and screwing the 
cliuck firmly down to it, enveloping it with a 
cylinder whose bevelled face could be advanced 
or receded to open or close the jaws of the 
spring chuck, and thus clip or release the 
work, as desired. I may say that since writ- 
ing this I have seen the drawing of a two- 
bearing lathe which has every advantage of 
the three-bearing lathe, and can be built for 
about one-half the sum the latter costs. It 
is constructed by making a hollow spindle, on 
which is mounted the pulley capable of ad- 
vance and retiring motion, so as to close and 
open the chuck, which is secured in the same 
manper as in the ordinary spring chuck lathe. 
The holes for the dial feet are made by a 
punch, very nicely adjusted, as great care is 
required, these holes forming the fixed posi- 
tion from which all the other work in the 
watch is obtained. In all the future chuck 
work, whether for depths or sinks, the pillar 
plate is first slid over three pins, which exactly 
fit the dial feet holes, and then is clipped and 
held by wedge dogs while the work is being 
done. The chuck as fitted is termed a quill 
chuck, from the peculiar mode of revolving 
the head, the spindle being surrounded by a 
skin which is held by a clamp half tail-stock 
on the lathe bed. "We will go to the largest 
of these lathes and see the workman take the 
round flat punching, and, after using several 
different chucks, return it to us with a lot of 
little sinks cut in it for ratchet and motion 
work and centre wheel. Passed to another 
workman, the plate is placed in a curious 
lathe, with an eccentric head, by which he is 
enabled to drill, with imerring accuracy, the 
holes on which the pillars are to be placed. 
We take our plate to the next lathe, whereon 
a workman places a length of brass wire. 
Immediately a cutter is advanced, which turns 
and shapes and cuts to the right length. A 
die is run up, and the end of the wire is 
tapped. It is then run into the plate, broken 
ofT, and we have a pillar. Three more are 
fitted in the saMe manner, which are then 
drilled down the centre and tapped, and the 
plate is ready to receive the top plate, bridge 
cock, and pottancc, which workmen have 
meantime been shaping asd drilling and turn- 
ing and steady pinning. These parts, all 



gathered into a recessed box, are passed to a 
man, who sees that each set is properly made 
and fitted, and will sit in its proper position. 
The plates are now ready to receive the en- 
graving, and while the operatives are engaged 
in stamping or cutting the various marks 
which are hereafter to be the warranty to 
purchasers, we will pass through the .train 
department and find out how the wheels and 
pinions are manufactured. This department 
is the most important in the building, both in 
respect of number of peices manufactured and 
in number of employ6s engaged. It also is 
the best room in which to study the principle 
of the machinery used in the manufacture, 
inasmuch as there are few tools used in other 
departments which are not found in some form 
here. Out of thirteen departments this 
engages one- sixth of the whole number of 
employes. The parts made here are the 
barrel and arbor, centre wheel, staff and 
pinion, third and fourth wheel and pinion, 
scape pinion, pallet and balance staff, cannon 
and minute pinions, minute and hour wheel, 
set hands square, bevelled wheel and pinion 
main, intermediate and ratchet wheels for 
stem winding work, dial feet, jewel settings, 
and brass cups. This list cadis for over six 
hundred different operations, and a monthly 
production for five thousand movements re- 
quires a supply of one hundred and ten thou- 
sand perfect and finished pieces from the 
department. It will, of course, be impossible 
to follow in detail the whole of these opera- 
tions. It must suffice to give a general idea 
of the modes of work and the machinery em- 
ployed. Let us follow, for instance, a third 
wheel and pinion. The wheel blank comes 
from the press room, as described above, ready 
for tooth cutting. The wheel cutting machine 
is very unlike the Swiss or English article. 
It consists of a live spindle, attached horizon- 
tally to a vertical traversing bed, which may 
be regiilated, as regards distance, from the 
index quill, and which is traversed by means 
of a lever arm in connection with a rack and 
pinion . The quill is a steel spindle, the head of 
which is shaped true, to fit the spaces between 
the arms in the wheel blank, and to its base 
is attached an index and pawl. The live 
spindle is pierced in a right line with the 
diameter of the quill, to receive a cutter 
which is shaped to the space between two of 
the wheel teeth. The modus operandi is to 
place a stack of blanks upon the quill, and to 
secure them by a bolt. The live spindle with 
its cutter is revolved very rapidly, and by 
means of the lever arm is traversed, so as to 
make a vertical groove through the whole 
depth of the stack. The cutter is raised, and 
the stack moved, by means of the index and 
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pawl, the diBtance ocriipied by one tooth, 
eecond cut is then made, and the operation 
I'epcated until the whole circumference 
filled with grooves. The Btack removed, 
fiod thnt each wheel is complete with its 
index number of perfect teeth. The next 
operation is drilling the whole in the centre 
for the hub, after which the wheels aro sent 
to bo stoned and gilt. This done, the next 
operation is threading the hole to receive 
hub. Next is making the hub and inserting 
tt in the wheel, which ia effected in the fol- 
lowing manner. A chuck lathe is prepared 
with a slide rest and two cutters, one of 
which is set to cut down the thread size, and 
the other to cut a nick almost through the 
brasi wire of which the hub is to be made. 
This wire, about the size the hub is desired, 
is held in the chuck and revolved, when the 
first cutter is advanced and the thread size 
turned down, a die ia applied and the thread 
cut, the second cutter ia advanced and the 
nick cut, a holder with a wheel is brought up, 
and the rough hub is screwed inte it and 
broken ofl'. Nest a chuck the size of tho 
■wheel ia placed in the lathe, and a wheel is 
inserted, and held by its circumference while 
the hub is drilled, and one side is shaped as 
may be desired, by a ruby or sapphire cutter. 
The wheel is then reverseii and the other side 
ia shaped, and the hole which is to receive 
the pinion arbor is opened concentric with the 
circumference, and straightly tapering. This 
done, tho wheel is i-eady to be mounted. 
Tnrn wc now to the pinion making. The 
^ire comes to the department, cut into pieces 
R little longer than the pinion will be. The 
first operation is pointing. To effect this a 
stop is set in a spring chuck, so that each 
piece may be pointed to the same length. 
The slide rest is fitted with two cutters, one 
to rough, and the other to tiniah the point, so 
'as to produce an angle of 60 deg. The hrst 
cntter ia advanced by the slide rest in tho 
lunal manner, to a stop. Ketnraed to its 
place of rest, a spindle is advanced in a hori- 
zontal and right line, the cutter on its face 
being finely ground, so as to finish the bevelleil 
point with a beautiful gray surface. That 
Uiis point bevel should be perfect is very 
essential, aa in all future work the holding in 
dead centres ia more by tho bevel than by iU 
end. The other point is manipnloted in the 
t&mc manner, and the wire is ready for staff 
turaing. This is done in an automatic lathe. 
The wire is hung in an ordinary smalt lathe, 
ftnd is revolved by a wheel and doR. Tiio 
cutter, unlike most lathes, ia behind the work 
it is to turn, and the slide rest in which it is 
eecnred has a motion parallel to tho line of 
fibe work, MOd U projwted by on endless screw 



g;;aring. By means of a cam the length of 
the turning can be regulated, and by meanJ 
of a pair of expanding levers the taper desired 
ia obtained. The cutter traverses the length 
desired, when, by means of a cam and tit, it 
is drawn back from contact with the worki 
and, being released, drops back into its normal 
position of rest. The operation then consists 
in a girl securing a dog to a pinion blank, in- 
serting it between the dead centres, and start- 
ing the lathe. A turning is made the desired 
length, tlie cutter frees itself, returns, and 
stops, when tho lathe is ready for the inser- 
tion of another piece. 8uoh is the rapidity 
with which this operation can be done that an 
average worker can feed two thousand per 
day to tho machine. The same routine is 
passed through with respect to all turnings of 
tho staff, head size, and pivots. The opera- 
tion described above was the first or rough 
turning of the staff, next the first turning of 
the short staff, then the finish turning of 
each, and the turning of tho head size. Tho 
blank is now ready to have the leaves cut. 
The pinion cutter is but an adaptation of the 
milling tool. It consists of two spindles, to 
one of which is attached the index or spaced 
disc, which will correctly divide the pinion 
head. The blank is held between these spin- 
dlen, not by the points, but by tho staff. The 
mode of holding is described in 



(Fig. 4.) 




ipindli 



A a ii a stout 
spindle, which 
with its taper 
centre is pierced 
throughout with 
a hole through 
which passes a 
driver e, used to 
force out the 
jiinion from tho 
taper after being 
cut. As said 
above, the pinion 
is held by the stuff 
which is inserted 
into the hole in 
the arbour, it bi- 
ing bevelled a 
little to receive 
anil hold it sc- 
euieiy, so that it 
may bo moved 
when the divi- 
sion plate which 
is attached to tho 
rear end of A n 
is advanced. B 
the upper per- 
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tion of wUcli is removed ao as to allow 
the cutter D to pass freely beyond the 
pinion face. The cutter D is one of three 
which are supported by mandrels which in 
their turn are held in a cylinder arranged 
in snch a manner that each mandrel may bo 
brought consecutively into the place occupied 
by its predecessor. Tlie cylinder is attached 
to a traTersing bed whose course is in a right 
lino with the centre of the pinion, lengthwise. 
Tho first cutter used is simply a saw, the 
second roughly shapes the Icsi', while the 
third finishes it and smoothes it. The cutters 
are traversed the length of the pinion head by 
means of a lever arm and rack and pinion. 
It would be impossible here to give a full do- 
Ecription of this work. Tho leaf cutting job 
is indeed one which calls forth as much of the 
true science of horology as any other in tho 
watch factory, involving, as it does, all the , 
intricate calculations for size of pitch circles 
and for the involute or epiclycoidal tootli. ; 
Tho epiclycoidal curve is tho one most 
favoured in Ajncrica. In England I believe 
many incline to the use of the involute curve. | 
Be that as it mayi there hove been a great 
many devices inventetl to obtain correctly the 
epicycloidal curve. The maclune at the ! 
Elgin factory is ingenious, and consists in the ' 

(Fig- 



absolute use of a pair of generating cirdei jut 
ten times the size of the circles of tlie 
true wheel and pinion. After the leaves 
ore cut the pinions arc turned and an 
ready for hardening and tempering. Then 
comes the leaf polishing. In this operation 
the pinion is placed in a rocker rest npai 
which it is supported by its arbors. In a 
directly parallel line with the leaves is a re- 
ciprocating bar whose motion is obtained by a 
pitman, and to which is attached a polisher of 
grain tin whose edge is planed to fit the space 
between two of the pinion leaves. The 
polisher is charged with flour, emery, and oil, 
and set vihratiag. The rocker rest with its 
superincumbent is then brought into pinion 
contact with tho polisher. After a certain 
number of vibrations, the pinion is lowered 
and revolved one leaf and ia again brought up 
into contact. This is repeated until the whole 
of the leaves are ground. The pinion is then 
cleansed, and tho same process is gone through 
with red stufi', Vienna lime, and oil, in order 
to obtain a smooth surface and polish on the 
leaves. Nest in order is the removal of the 
burr which was thrown up in the leaf cutting, 
after which the hollow is cut in the pinion 
face. The staff is now to be polished and tho 
method may best be described by reference to 
5.) 






A is a wing pobsher, made by solderug two 
flat pieces of steel together, Thia polisher 
has a reoiprocatory motion at right angles 
with the axis of the pinion This is obtained 
hj its bemg swung m a frame attached to a 
pitman arrangement. The pinion is held in 
the dead centres of an ordiniary lathe, and is 
rotated by a dog. It is of course necessary to 
secnro the same degree of taper for all pol- 
ishers in each kind of work. This is accom- 
plished in this wise : The tail spindle B is 
filed awaj^ and a screw is fitted whidi has a 
ewcl set in its face. As the sapphire cannot 
e hurt by the abrasion of the dust and time, 
■pare edge of tho spindle running on the 



stone will retain its parallellisni for a con- 
siderable period. The other portions of the 
diagram show the method used for lightening 
spindles and also for revolving the pinions. 
The same principle is used in tho poli^iing of 
the pivots, the only difference being the man- 
ner in whieh tho pinion is held and rcvoli^ed 
in the lathe head. The lathe is fitted with a 
spring pump centre, the face of which is 
jewelled with strict regard to tmth, so as to 
take the hack pivot. The live spindle is- 
fltti^ with a shell chuck, the face of which is 
recessed so as to allow the protrusion of tho 
pivot shoulder a short distance beyond its 
face. The mode of inserting is to irUhdnw 
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the pump centre a little, place the pivot to be 
policed firom the inside through the face of 
the shell chuck and then allow the pump 
centre to briiig the jewel in its face firm 
against the rear pivot, so that the whole may 
he kept securely in position while revolving. 
Then the reciprocating polisher may be used 
to finish with, and by its means a squarer and 
more beautiful shoulder may be obtained than 
by any hand process. We now require to 
face our pinion. If a very fine face is desired 
we use the small disc and drill bow and so go 
back to first principles. But for ordinary 
work we obtain a very good face by machinery 
—a better face, in fact, than is seen on good 
Swiss movements or in medium London work. 
The nwdus operandi is very simple, and con- 
sists of ordinary small spring chuck lathe, in 
which the pinion is clutched. Li a line par- 
allel with that of the pinion is a live spindle 
on which may be placed a cylinder disc of 
mQtal or ivory. The lathe and cylinder are 
revoh'«5d and the edge of the metal disc, pre- 
viously charged with oil-stone dust, or flour- 
emery, and oil, is brought into contact with 
the pinion face. I should have stated that 
chuck and cylinder are run at different rates 
of speed and in opposite directions, a necessity, 
^ the polish to be obtained can only be gained 
^y a perfect crossing of all the abrasive lines, 
wic face stoned flat, the roughing powder is 
thoroughly cleansed away, the ivory disc, 
^^th Vienna lime and alcohol substituted, and 
the result is a fine dark polish, the only fault, 
^^^th cai'e, being a little rounding of the edges 
^^ the leaves. A final inspection is made, 
^^^ all the perfect pinions are now ready 
, be pushed into the ready-prepared 
wheels. As I have said, the same general 
system is applied to all the other pieces 
^auxifactured in the room — of course, with 
^^ch differences as the shape and nature of 
^^ piece may call for. I might, of courae, 
?^ve made the description of the machinery 
^^ the train department very much fuller, 
^.^, indeed, I might have filled all the lecture 
J'^Ux the details of the work done here. I 
*^^e, however, I hope, indicated enough to 
^^rcst without wearying, and will leave the 
^tu after introducing one more automatic 
^"■^s^hine, viz., that in which the key, ratchet, 
jod hand squares are cut. Here there are 
^o dead spindles, to one of which is attached 
^ index plate, divided at the quarters and 
K ^^ * pawl. To this index the barrel 
w!^ is attached by a dog, when it is inserted 
between the dead spindles. A milling head, 
^'^Tuig two revolving cutters at proper rela- 
^^® positions, passes in a horizontal direction 
^^ the barrel arbor, being driven forward 
V ^cqqs of suitably arranged cams. The 



first cut being made and the cutters drawn 
back to their dormant position, the pawl is 
raised by means of a stop piece, and the index 
moved round one-fourth of the circle, bring- 
ing the next part into position for the second 
cut. This is repeated until the four sides are 
roughed, when the operation is repeated, 
so as to bring the cutters across the flat sur- 
faces, in order to smoothe them, when, by a 
star stop-work arrangement, the whole 
machine is brought to rest. Thus, simply 
but effectually, is attained a very desirable 
end, viz., that of making a perfect square of 
any size, taper, and length, and of duplicating 
tlie first arrangement through any given 
series. We have now our plates and train, 
and we still lack 'scapements, screws, and 
balances. The same principles are applied to 
the machinery in the 'scapcment department 
as in the train manufacture. The escape 
wheels are sent from the press-room crossed 
punchings. The teeth are cut on a machine 
similar in principle to the tooth cutter in the 
train department, only being more delicate 
and more intricate in shape, the operation 
cannot be done with one cutter, but involves 
the use of eight different cutter spindles. 
In the machine there are seven spindles, or 
we may say eight, each provided with a 
special fly cutter. The wheels are stacked on 
a quill similar to the one we found in the 
train department. The first four cutters arc 
steel, and they are used respectively to re- 
move tho surplus stock between thi teeth, to 
form the front undercut of the teeth, the back 
undercut, and the face angle. The last four 
cutters are of sapphire, and are used to finish 
the second, third, and fourth cuts, and to 
finish the heel of the tooth. One factory, 
that of Springfield, Mass., has an automatic 
attachment to this machine. But tho disad- 
vantage of its complexity, necessitating a 
machinist to run it, deducts materially from 
its advantages as an automaton. After cut- 
ting, the wheels are crossed by hand, drilled, 
hubbed, gilt, and fitted to the pinion which 
has been sent from the train room. Tho 
pallets and levers are rough punching, some- 
thing the size and shape of the pieces they 
are to be made into, and are finished by sim- 
ple drilling, milling, and slotting machines 
adapted to each requirement. After harden- 
ing, they are ground and polished, the flat 
surfaces and edges by abrasion on tin, or box- 
wood blocks with hand rubbers, the shaped 
surfaces by special rocking polishers. The 
stones come to the room in the tisual state of 
rough nodules. These are cut into slabs by 
the skives and the slabs cemented on to blocks, 
ground to a proper thickness, again sawed 
into strips by the skives, removed from, tba 
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block, the angles ground trad polishetl, and 
wc lire providod with pallit ji'wcls. The 
ruby pina arc turned and polished, from strips 
prepared as above, the machine usol being a 
■imple parallel grinder. The rollers being 
plain discs call for only simple drilling and 
turning machinoB. There are three varieties 
of lever escapement nsed, ndujited to the 
straight line and right angle calipers. The 
last named, only, lioweviT wn will men- 
tion particularly. The bjiink for the lever 
and pallets is sent np in one piece, the shape 
of tlic lever, but the thicknewi of it and the 
]iallet combined ; by throe turuings, the pallet 
size is turned away, and by two cuts with a 
circular saw, the recesses for tjie stones are 
formed. The fork is then formed, and the 
guard pin hole drilled, and after hardening, 
cleauiiig, and pulishing, a lever and pallets is 
obtained which with its attendant staff and 
jewels is ready for the movement at a cost of 
less than one shilling. The diSerent parti 

(Fie- li.) 




nie now tolle ;le*l untl sent Ui tlic matcher, 
who screws in the pallet staff ; puts in the 
guard pin, matches each pair of pallets to a 
wheel, and sets right the let off or drop, his 
depthing tool being set to the plate depth- 
ing. I^e escapement matched, he places it 
in one rccessin a box prepared for 100 sets, 
and it is ready for the movement. The 
screws and flat stee! work arc made in 
department. In the flat steel work is 
eluded the ratchet and cap, star and finger 
piece, and the click and spring. Most of the 
pieces named are made from shaped or circular 
puncbings, and are formed on machines e 
lar t<i the leaf makers, by means of shaped 
cutters and saws. After hardening, tlie flat 
surfaces are ground and polished, mostly by 
lime, oilstone, and oil, or alcohol, and the 
shaped surfaces and edges by revolving and 
rocking polishers. The screws are made in 
spring chuck lathes, and arc cut down to size 
by an ordinary cutter in a Swiss slide rest. 
The thread is made by means of a die spindle 
on line with the lathe spindle. The screw 
being tapped, is run into a cylinder of steel 
which is prepared to receive some hundreds 
in rows, either longitudinally or circumfer- 



entlally. "When the cylinder is full of screws, 
it is plnced in a milling machine, and a small 
circular saw is made, by suitable means, to cnt 
a slot along the centre of each row. The 
screws are then removed by the ingenious ap- 
plication of two roughed spring tight cyliii- 
ders, which clip the screws just hard enon^ 
to draw withoTit marring them. They are 
then hanlencd and polished with boxwood 
]iolishers, and Yienna lime and oil. Aft«r 
they ore cleaned, blued, and inspected, they 
f. ready for the watch. But one depart- 
[■nt remains for us to visit, wherein material 
manufactured, viz., the balance department. 
The manufacture of the balance (compensa- 
tion) is perhaps the one in which least of 
advancement has been made. In England the 
steel blanks are dipped, here the brass is sol- 
dered te the steel, and the remaining routine 
is but an adaptation of the old system, with 
the introduction of machinery where possible. 
The best application in all probability is oh 
the machine for drilling the holes in the edgs 
of the balance for the adjustment screws. 
This has a shifting head, so arranged as to 
bring round each one of the twenty two 
holes in regular succession, and with such 
rapidity can the operaMon bo performed 
that a boy can drill and thread the holes in 
100 balances in ten hours. The giv- 
ing and polishing are effected in very mnth 
the same manner as in other jobs in the de- 
partments before visited. We now iam our 
material, and we miist proceed to get it into 
going order. We premise, howi vcr, that three 
articles used in the movement are manu&c- 
turcd outside the factory, viz., hands, nnin- 
springs, and rough jewels. Arrived in the 
jewelling and motion department (Ihij twoatv 
nin in one room on account of the interchange 
of work which may often be made advanta- 
geously). The plates which we recollect to 
have seen fitted and nnmben'd in the plate 
department, are put together, und the otbet 
rc-quisito parts are selected, and each «t la 
placed in a neatly rarrainged sertional btrtt 
fitted to take ten movements. Tliis boK i« 
first sent to the jewellers, and the routine cf 
the room is somewhat in this wise: T6e 
plates arc screw ed together and the deptbinfp 
arc uprighted. 'While this is being ttniK 
others are setting the jewels, Imtking thaiB, 
opening, washing, and gauging them. Tka 
girls who gauge the jewels oIbo gauge (fce 
pivots and select jewels for them, aUow!fif( 
one twenty-five hundredth of an inch for sidii 
shake. The jewels being selected, iftiieyare 
to be set solid, the brass settings are turned 
awav and the top plate jewels arc then set. 
The pillar plate jewels nro next cut in, and 
shaken and burni^cd in.. The balance jewels 
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arc aet in a smilar manner to the pinto jewels, 
and the holes are stripped after the plat«s are 
gilded. I hoTe preferred to gire this rou- 
tine consecntircly, as we could make it more 
nndenttandable. I will now endeavour to 
give some idea of the manner in wlich the 
different operations arc effected. The manu- 
facture of the jewels themselves is carried on 
in much the same manner as in England, ex- 
cepting perhaps the use of steam power, the 
gang skive, and an improved shellac c)iuck 
lathe. The gang skive consists of a set of 
circolar saws or ^sca which arc charged with 
diamond powder. The rough stone is ce- 
mented to a holder which brings it with great 
pressure into direct contact with the saws, and 
tiie result is that the material is divided into 
slabs jnst the required thickness for the 
jewels, whether holes, pins, or pallet stones. 
The jewels arc next set. This is performed 
in the follon ing manner : — A piece of drilled 
\)nss a little larger than the setting will be is 
held in a spring chuck lathe, and with a proper 
shaped cutter a bcTeIIe<l recess is formed the , 
exact size of the jewel, which is then turned 
off. This operation iised to be performed by 
t hand tool, but it is performed now by a 
novel contrivance, which is adaptable to a 
great variety of uses. We refer to what is 
graerally known as the siving rest, of which 
a diagram is given in 

(Fig- 7-) 




a fixed arm attached to the lathe stock. 
8 Li a cntter rest with a hole to carry the 
^nlter spindle at C and swinging on a centre 
■tD, The rest is carried as far above the 
^udl<! as the centre is below it, and at Its 



head is a nose E sliding over a bed attached 
horizontally to the top of the fixed arm A, on 
which is rested the article to be measured. 
The action of course depends upon the well- 
known law of the proportional relations of 
circumference and diameter. Were we to take 
the measurement of the jewel and throw our 
cntter Just ils diameter from the centre of 
revolution, it is evident we must cut a hole 
just double the size required. But apply- 
ing the law of radii, we double the radius; 
take the same jewel to make the angular 
distance and we find that our cntter at C 
will make the hole just the size of our model 
on the measuring bed. This tool is of almost 
endless application, and is sometimes con- 
structed with an index bed arranged to allow 
of subtending the cutter spindle at any desired 
angle from the central line, so as to cut a taper 
hole. After the jewel is set it is hacked off 
and then is sent to be opened. This operation 
is pel formed differently in different factories. 
Some adopt tho old plan and hold the opener 
in the fingers as do the English. In most 
shops, however, the jewel is held in a rapidly 
revolving spring chuck, and a properly tapered 
opener is brought up to it and inserted, the 
latter being set a little off a right line, and the 
spindle in which it is set is made to revolve 
very rapidly but in the opposite direction to 
the jewel. The opener being charged with 
diamond powder soon produces a perfectly 
smooth round hole, a result never certainly 
attained under the old method. The holes 
opened are next washed and then gaugeil by a 
simple taper sticking against an index plate 
divided to correspond to the degrees on tlic 
fine jiw gauge. After the jewels are gauged 
the trains are taken, the pivots measured, and 
the jewels are selected for them, side shako to 
the amount of -0004 of an iach being given. 
The pivots and other small diameters are 
measured by a simple yet effective spiing jaw 
gauge, a drawing of which ja given in Fig. 
8. Next the top jewels are set in the plate, 
and here agai:i the swing rest comes into play, 
enabling, as it does, the workman to cut his 
hole to size and depth at once. The top jewel 
set, tho lower jewel must be fined in its pro- 
per position. The top plate jewels are set 
flush with the lower surface of the plate. Tho 
next step is to get the correct distances be- 
tween the jewel faces. How to make the 
pinions self-measuring was the problem to 
be solved. Its solution cost much trouble 
and thought, and to describe the 
method adopted is a diificult task, with- 
out rather more complicated diagrams than I 
can give this evening. The end to be accom- 
plished nas to cut tho shoulder of the jewel 
setting juB^ such a )ieigbt as when set in the 
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plat«, and the plates arc screwcJ in their | 
ultimate posittoaa, tlie distance bctwoen the i 
jewel faces sliall be the hoifsht of the pinion 
Hnd an end shake of '0006 of an inch. If the 
settings are to lie screwed in, the depth of 
the hole for the screw bend is measured by 
a bit in the swing rest. If the scltings are 
not screwed they are humi.-'htd in tl e usual 
manner. Tlic balance holes, cock, and foot are 
operated in the same manner. Affer the 
watch is gilt, the holes are stripped, that is, 
11 hollow is cut with n vcrj- fiTie surface from 
the top of the hole to the edge of the plate 
at an angle of 30, This is done by Imnd with 
a very finely tempered and polished graver, 
and reiiuires a great deal of skill and nitety. 
(Fip. 8.) 




We now have our watch jewelled, and we 
must go with Die movement t>the motion 
deparfment. Here we have to fit up thcjbar- 
ii'l, all of which is doao with cutter and 
slide rest, the end shake being obtained by a 
self-measuring attachment and a shaped inside 
cutter. The pivot holes whicli are not 
jewelled are drilled through, opened, and up- 
rightcd in the quill chuck. The motion 
wheels, cannon-pinions, and hands ore 
selcctid and fitted. The roller is fitted to the 
balance -staff, and the ruby pin is set, the 
bankings are ecrowed in, and the watch is set 
up and sent to the finishing room, when.' it is 
sprung and timed in the gray. It is then 
taken to pieces, and sent to the gilding room 
where it is stoned and gilt by the electro 
process. Thcnco it is returned to the finislung 
department where it is finally put together 
and set going. This labour is divided — one 



set of men and girls setting the train in 
position, another set springing and finislmig 
the movement, a third set timing, and a fomtli 
examining and correcting the foults of allths 
rest. And so at last we hare the perfect 
movement with its glittering balance, count- 
ing the moments as they fly, and measuring 
the time with a regularity never surpassed in 
a similar grade of hand-made watches. Of 
course I have not been able to enter into 
details so far as I could have desired ; but I 
think I have sufficiently indicated the manner 
in which the watch is built up. It would 
have been impossible for me to give yon a 
detailed account of the machinery employed. 
Such a work would cull for volumes. There 
are of course very many curiosities which I 
have been unable to notice in my rapid renoK 
of the departments. Among these I mij 
mention particularly the pandlel and c<hk 
grinders in the machine shop. These tooli 
render it possible to grind to a perfect finish 
and exact truth and fit the spindles, conical 
and crescent bearings, &c. of hardened steel 
which arc used in the machinery. This tod 
too is used in a modified form in the tiaii 
department, where with diamond laps tb* 
statfs of scape pinions, palletand bulanceitiflii ' 
ari- ground to exact truth. Another tool ia 
the machine shop is the compound chud. 
This is a very bgenious tool, and is such tbit 
even if every watch of Elgin make were 
destroyed, and every chuck iji the factory 
lost, the movement would be restored «nd 
every position in the original ealibro regaintd 
by its aid, and the size and fit for minn- 
fucturing chucks at once identified as comet. 
It is, of course, very complicated, anddetnsndi 
a very great amount of skill in Us manubc- 
turc. I have not spoken at all of the syrtcni 
of gilding, simply because the electro pioccH 
is used, and it is so thoroughly used mi 
followed by the trade throughout tliis country. 
Ureat facilities are, of couiBe provided— tht 
scratch bnishei arc driven by steam poiret, 
and the stoncrs ara well provided for ; but the 
arrangements are only such aa would raggut 
themselves to any firm gilding on an avenge 
200 movements per day. Nor have I men- 
tioned particularly the manufacture of diiK 
which is coined on in much the same numnei 
as in this country, the only difference being 
in the preparation of the coppers in oidfi te 
make them interchangeable. There are three 
feet, and, of course, each mnst preserve * 
certain relative distance trom the fourth hek. 
To accumplisL this the ooppera are cut out, 
and the centre and seconds' holes made by* 
punch of the requisite size. Then anolhet 
punch comes down and mokes three curiimt 
little recesses in the copper to recoivo the diil 
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These feet are turned to size and height 
itable lathe, and are provided with a 
b the bottom. In setting up the feet 
08 to soldering, the nicked end is in- 
in the recess spoken of just now, and 
» ring of solder being dropped over the 
is all secured by a tap from a rivetting 
, and then is provided with flux and is 
to run the solder. .As a consequence, 
ain two ends. Wo get our dials abso- 
interchangeable, and the feet are uj»ight 
ve not to be bent about to make them 
he routine of the remaining operations 
it the same as in other places. And 
may be asked, what are the advantages 
machine system? In the first place, 
reduction of a mechanically perfect 

Be sure only that your model is right, 
•a may be sure that your duplications 
e correct also. There is no fitting and 
, but the pieces brought from different 
)f the factory will go together right, 
lestion of perfection of finish is only 
a little more or less of cost, for no finish 
t been attained by hand which is not 
ible by machinery. In the second 
there is a vast saving in labour. In 
otory from which I come there are 
red 600 hands, who produce 5,000 
» per month ; that is to say, they pro- 
me watch for every thirfy hours of 

I am informed, on good authority, 
tnedium class English lever costs seventy 
of labour. So that if the machine 
were in use in England the workmen 
kenwell could more than double their 
tion. And what a waste of the wealth 
country is this needless waste of labour. 
it England owns to-day has been earned 
, toil, toil. And surely an increase of 
)duction, with a lessening of the toil, 
mean an increase also of wealth and 
By the adoption of the machine system 
id has the ability to manufacture for the 

Were she to adopt it in its entirety, 
y defy the Swiss with their cheapest 
lents, she may still lead the world with 
it class movements, and she may absorb 
e watch trade thousands of that hungry 
which now barely exist or else are 
to seek on some foreign shore that 
their own country denies them. The 
trade now is in a peculiarly prosperous 
rat if two or three years since, when 
ire depressed, you had only taken hold 
machine system, you may have done by 
le what it will take years to do now, 
my by this time have been sending 
« to the Yankees made with their own 
sd after their own style. I am not 
>-nig^t to ask Clerkenwell to adopt the 



system. I have reason for believing that the 
next few months will see the problem worked 
out. But I can say one thing, that, whether 
it come soon or late, the American system of 
multiplying machinery will be adopted in 
England, and when it is I expect to see first 
class English lever watches turned out from 
the factories at prices which I dare not 
hint at. 

The Chai&man said he was requested by the 
lecturer to invito questions or remarks 
bearing on the subject. 

Mr. Hasrisoit understood that all the parts 
of the watches were not interchangeable. 

Mr. ScHOOF supposed the Americans had 
not attempted to make fusee watches by 
machinery. 

Mr. BicKLBY said the lecturer had not stated 
if the balance springs or cases were made in 
the factory. 

Mr. PisKKiKs, in reply, said the parts were 
interchangeable with the single exception of 
the escapements. It had been found advisable 
to match the escapements. With regard to tho 
fusee, it was simply a question of supply and 
demand; although the Americans had not 
made fusee watches there was nothing in the 
fusee to prevent its being made by machinery. 
Referring to Mr. Bickley's question, tho 
balance-springs were turned up in the usual 
way in the factory by girls j the watch cases 
were made in Philadelphia and New York. 

The CflAiRMAN said he had listened >vith 
much pleasure to Mr. Perkins's lucid des- 
cription of the factory system of manufacturing 
watches. Whatever difference of opinion there 
might be as to the relative merits of tho 
American and English systems, he was sure 
they would all agree that they \*ere much 
indebted to Mr. Perkins for coming to lecture 
before them that evening, to whom he begged 
to propose a vote of thanks. 

Mr. BiCKLEY in seconding, remarked that 
judging from the specimens, the machine work 
would not be suited for the finest grades of 
watches. 

The vote of thanks having been carried unan- 
imously, was acknowledged by Mr. Perkins, 
who said that all the specimens shewn by him 
that evening were purposely selected from the 
lowest grades .of work. 



The public clocks of Belgium strike tho 
hour half-an-hour beforehand; thus at half- 
past eleven they strike twelve. 

Ebeata. — In tho report of the Exhibition 
in the December number of the Journal at 
page 50 second column lin^ 19 for "round- 
ness" read "soundness;" and at page 52 
second column line 8 for " shot " read " slot." 



A1»tract Df the Frinoipal Chansee of Bates of Ghronai 



NAMEOF MAKER. No. ADDRESS OF MAKER. CONSTRUCTION OF BAU 



■ffeichert 

Usher & Cole 

Kullberg 

WeicUert 

Duvisan 

KnUberg 

Uuirbead & Soiie 

Sewill 

Shepherd & Sons 

Glover 

ParltinMn ft Bouts 

Keys 

Chittenden , . 
J. B. Fletcher 
Uowland. , , , 
Parkinson ft Boats 
J. Fletcher 

Quilliam 

Isaac 

Whiffia 

J. B. Fletelier '. . 
Keys 

Hennesay 

Williama 

Whiffln 

Highley 

Brotherton 

J. Fletcher 

SewiD 

Gowlnnd 

Shepherd ft Son,. 

Davison 

Wobb 

Muirhead & Sons 

Sewitl 

MtOregor ft Co . . 



112, EothaayTer., Bute Doeks, Cardiff. 

46, St. •Tohn's Sq., Clerkenwell, Lond. 

106, Liverpool Eoad, London, 

1 1 2,Koth8oy Ter., Bute Docks, Cardiff. 

6, Side, Xowca»tle-upon-Tync. 

105, Liverpool Itoad, London. 

90, Buchanan Street, Glasgow. 

30, Comhill, London. 

53, Leadenhall Street, London. 

Wrotham Bd., Camden N. T., Lond. 
59, Gracechurch Street. London. 
15, Craven Street, Strand, London. 
10, WUton Koad, Hackney, London 
148, Leadenhall Street, London. 
1 78, High Street West, Sunderland. 

69, Gracechurch Street, London. 
148, Leadenhall Street, London. 
66, High Street, Belfast. 

32, Elizabeth Street, Liverpool. 

147, Liverpool Rood, London. 

10, Clondesley Sq., Islington, London. 
30, Comhill, London. 

148, Leadenhall Street, London. 
15, Craven Street, Strand, London. 

147, Liverpool Road, London. 

5, Wind Street, Swansea. 
2, Bnto Docks, Cardiff. 

10, Cloudealey Square, Islington, Lond. 
45, High Street, Sheemess 

1 1 , Spencer Street, Ooswell lid. , Lond. 
66, High Street, Belfast. 

148, Leadenhall Street, London. 
61, South Caatlo Street, Liverpool. 
178, High Street West. Sunderland. 
53, Leadenhall Street, London. 

G, Bide, Newcastle-upon-Tyne, 
4,ruUea'BRow,'UpperSt.,l8ling,,Lon. 
90, Buchanan Street, Glasgow. 
61, South Caatlo Street, Liverpool. 
Clyde I'loce, Glaagow. 



Flat rim balance, without am 
Auxiliary to iialance. 

Auxibary compensation. 
Auxiliary compensation. 
Improved ordinary balance. 



jAuxiliary as in former yeat 
|Anxiliary compensation. 
Auxiliary compensation. 

AuiilurTictlni; in <ilnni« of Umpa 

Auxiliary compensation. 
Auxiliary compensation. 

Ordliurj' bnlBDH allb {onlimioutuiill 
BBl(iin>llinfiinD«:rnM ; dO Ulilll 

Auxiliary compensation. 
Auxiliary compensation. 
Auxiliary compensation. 

OrdinoTT conitrurtion willi di^Ht jJWn 

itcmodelled Hartnup balan 

Auxiliary compensation. 
Auxiliary compensation. 
Auxiliary compensation. 
Auxiliary acting in cold. 
Construction as in former y 
Auxiliary compensation. 
Auxiliary compensation. 
Auxiliary compensation. 

Onliiiii'yfoiitlncliBDKlIhAliKfat ilHii 

Auxiliary to balance. 

Auxiliary compensation. 
Auxiliary as in former yea: 
Poole's auxiliary. 
Auxiliary compensation. 



RuBsell & Son 



) * 32, Slater Street, Liverpool. 



Auxiliary acting in cold. 



The aga ■+■ icdicatM that the rate is g&ininff . 

DurinK four weaks from the 3rd of March.ana during four weeks fcom the aith of MaT,the Chrenonuti 
pl.Md in the cbn^rof ^lore heoted by jeu of gu. The gu flamee are exterior to the ohamber, into irid 



ial at the Eoyal Obserratory, SreeiiTioli, 1873. 
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Jd^rs to ih (Editor. 



All letters to be addressed to tlie Editor, at the 
Institute, 35, Northampton Square, E.C. 



Sib, — My observations in the November 
number of your journal upon measuring tools 
for the lever escapement having been honoured 
by a reply on the part of Mr. Grossmann, in 
which he points out, an error in my explana- 
tion about finding the length of lever, and re- 
fers to an error in his essay, permit me to 
state that I did not for one moment suppose 
the error of his to which I referred would re- 
main long undiscovered by Mr. Grossmann 
himself, therefore my reference to it was not 
with a view so much to its correction as to 
assist me in the explanation of my gauge for 
measuring the lifting angles of pallets and the 
reason of my deducting 2° from the angle 
registered upon the plate. 

Mr. Grossmann states that the allowance of 
2° in all cases would not be correct, (although 
I did not intend my remarks to bear that in- 
ference,) and instances the circular pallets, in 
which the error is so small as to render it too 
unimportant to notice ; but as regards pallets 
with equi-distance lockings the case is very 
different, and it was with reference to these 
palleta that my observations were made. I 
must confess to not having sufficiently care- 
fully measured the discharging pallet to dis- 
cover at the time that the error was nearer 1° 
than 2"". 

As regards the error in my explanations 
about finding the length of lever, and which 
Mr. Grossmann illustrates by an excellent dia- 
gram, in reference to which he says "If the 
sum of a b + b c were equal to a c, (as I 
represent,) there would be only a moment of 
action at the line of centres, and all action 
would cease at ercr so little distance from this 
line." I beg to say that this is assuming the 
ruby pin to be of no size whatever, for if it be 
of any size half its diameter would be within 
tlie notch of the lever, it therefore follows that 
all action would not cease at ever so little 
distance from the line of centres. 

I may also state that the lengths of levers 
given in my examples are from the pallet 
staff hole to that part of the notch which is in 
contact with half the diameter of the ruby pin 
when in line of centres, and I did not intend 
it to be inferred that the notch was to be no 
longer, as it necessarily must to ensure a 
sound depth, and I further selected this sys • 
tem of measurement as one by means of which 
a close approximation to the balance impulse 
is most easily calculated and understood, and 



as the error from it is so small I did not think 
it worth mentioning in my article, which I 
intended only to have reference to the meaoB 
I adopt for measuring the impulse at the 
balance. 

In conclusion, I thank Mr. Grossmann for 
pointing out the error and thus affording me 
an opportunity for this explanation. I should 
feel obliged to Mr. Grossmann if he would 
kindly state if he has a better means of measnr- 
ing an escapement than my gauges afford. 

E. B. 



Sib, — Permit me to correct an error thst 
appeared in the Jourtml for November in tiie 
answer to Junior, in which the writer asserts 
the amount of locking to be dependent on the . 
shape of the pallets alone, and that the only 
result of a ruby pin having too much shake 
in the notch, would be loss of impulse to the 
balance. In the first place, the shape of the 
pallet has nothing whatever to do with the 
amount of locking, for whether a pallet if S, 
10, or 12 degrees of angle, the same amonnt 
of locking is essential to each, viz., about two 
degrees of the presumed angle, and that 
amount is entirely dependent on the planting, 
and more or less than two degrees would con- 
stitute a deep or shallow depth. But to 
Junior's question. If a wheel and pallet 
depth be a shade shallow, although perfoctlj' 
safe, and the notch in the lever is too vule 
for the roller pin, the pallet depth to such an 
escapement would mislock when tried by it- 
self, although it is doubtful whether it would 
do so when going with the spring on, fcras 
Junior expresses it, both parts are moving to- 
gether in which case the wide notch is simply 
loss of impulse, whereas, tn trying an escape- 
ment, the balance is held in resistance to the 
pressure applied to the wheel while traversing 
the plane of the pallet, which keeps the lever 
pressed against the roller pin until the tooth 
escapes, when the lever and pallet beeomes i» 
free agent, and rebounds from the point of 
pressure to the extent of the wide notch, 
consequently mislocks, while increasing th<^ 
size of the pin to fit the notch, the rebound i* 
prevented and the depth made safe, but if ^ 
wheel and pallet depth be really shallow, so 
increase of pin would make it safe. To veriff 
the correctness of the above, remove the ruhf 
pin to a perfect escapement, and replacing it 1^ 
one much to small, the depth wiU at once ap- 
pear shallow. 

Yours, &c., 

J. L. TILLDlfl' 
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So, — It is with regret I eee Mr. C. Lange's 
Tident irritation about my criticism on his 
pinions in the October number of t)ie Jbiimal. 
t i> the more to bo regretted, as a great mis- 
oke was inadrertently made in putting it 
hat Mr. C. Lange liad said tbi* the fusee 
ras advocated to deceive tho ignoTnnt amongst 
ratchmakera. This evidently could not be 
o. Mr. C. Lange said, "TFnles!) it is done to 
nake the great mass of people, who are cn- 
irely ignorant of watches and watchmaking, 
•elicre that it is better to havn a fuscc and 
hain in a watch than not, I cannot eec any 
eason why watches should be made with 
usee. Ererything that reasonably can be 
xpected from a watch can be made without 
he fusee," ftc, &e. Xow, I considered such 
pinions, in order to be of any use in a watch- 
naker'a trade journal, required a full and 
■tirfactory confirmation. Sfr. Lange, if 1 
inderetand him rightly, admits in his Deecm- 
ler letter that a watch with fusee will vibrate 
noie regularly than a going barrel ; bnt, to my 
nupriae, he says that has nothing to do with 
ttie question. I Eboutd like to know what 
hu, unless some new method has been di«- 
Mver«d that will make watches go well, with- 
out ottending to niceties in construction, Ac. 
Kr. I/ingc fnrthcr says that if the original 
nitible spring breaks and an ordinary spring 
i» put instead, it will spoil tho adjustment. 
Auiitting this, but even nnder sneh. circum- 
■Unces we know that the fusee will make a 
lulictter adjustment than the unaided barrel. 
01d-fa«hioncd verges will prove that. Mr. 
Ijiigc thci-efore seems to eomc to the eonciu- 
nan that, bccansc watches arc mined by bad 
jolbcrii, it is useless to strive at perfection at 
the ontsct. I still adhere to my opinions in 
the November letter — that going barrels are 
nnit* pj«i enough for cheaper kinds of watches. 
™t Then it comes to the question of great 
"iw'tj, and of making the finest iimekeepera 
lot thr pocket, every means in our power must 
^ nwil to arrive at perfection, not so nuieh 
'iwn choice as from necessity, and every 
'nronometcr maker of eminence in any country 
will bear me out on this point ; the very fact 
'lilt watches are placed in all positions, and, 
thcTsfore, require the isochronism to be much 
^ifr than stationary timekeepers, and, fur- 
TOr, not being so rcgnlarly wound as could 
» desired, makes the fusee more needed for a 
™^-cIas3 watch than any other timekeeper. 
1 nentioned in ray letter that the going barrel 
'iilli off a quarter of a turn from full wound 
to nearly down. Mr. Lange does not find it 
*>. imd he goes so for out of his way as to say 
tliat not " even" a common horizontal will 
TO », when we all know that frictionul os 
t, Mich as the horisontol tmd duplex, 



are much move suited for the going barrel 
than coinparatiTcly frei; escapements, such as 
the lever or chronometer ; the word " even '' 
is therefore, in this case, decidedly misplaced. 
I am surprised Mr. Lange does not deem it 
necessary to send his wntch to Greenwich ; it 
would, besides being a means of settling a 
disputed (juestion, add immensely to the 
maker's reputation, and nnquestionably dci 
Mr. Lange, as "agent," a great deal of good. 
Mr, Lange's advice to sign names to articles 
is very good, hnt that does not add to the 
soundness of the argument, and since it i^ 
quite a common practice not to do so, I sign 
myself os before, 

A MEMBER OF THE BRITISH: 
HOllOLOGICAL INSTITUTE. 



Bin, — I am nod — melancholy in the extreme I 
Not that my personal suffering can be of any 
consequence to your general readers; hut when 
they learn that it arises from the doomed fatit 
of our chronometer trade, I am sure their syra' 
pathies will be with mine. 

Hitherto English marine chronometers have 
home a world-wide reputation for their excel- 
lent performance, but, alas ! all this must dis- 
appear before the results obtained from Swiss 
watches. In the Hokolo(;ical Jouasii. of 
December, 1873, there is mention of one of 
ordinary size which made a variation of only 
iVths of a second during a period of two 
months, cither in tho hanging or lying posi- 
tion — less than a single beat of a clock. This 
has scarcely been accomplished with marine 
elu-onometers, even with perfect balances. I 
would suggest that this watch made no appre- 
ciable ciTor at all, and that \\ is merely set 
down to apjicase our conviction of the prin- 
ciple we arc taught, that nothing which is 
made by human hands is perfect. AVhy, Sir, 
what will be the consequence of this ? Cap- 
tains of ships will henceforth buy Swiss 
watches, and hang them up in their cabins, 
and alter being on the broad sea for two 
months, will Ic able to calculate the Ion gitudi^ 
almost to exactness. "WTiat a pity it is that 
such watches are not placed in the Royal Ob- 
servatory at Greenwich, where of course they 
would head the couipcf itiro trials with marine 
chronometers, so that tho shame of defeat 
might stimulate our chronometer makci'fl to 
renewed exertion, and at least make them en- 
deavour to produce instruments equal to 
ordinnrj-'si^cd going barrel Swiss watchee, 
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A. P. WALSH. 
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i^ff dforrfs^ondunlfi. 

Am Ahebican CoRBEspoKSZin' writes "-* 
havt baa sheum a silver-cased watch, No. 511 
Engraved on the back, " B. FratiMn, 1776." 
The maker's name " Wm. Tomlitison, London." 
The present otoner is Ltvi W. Qroff, ajarmer 
of LoiKtaier, Cotmty Pa. He niakes to 
know whether anything is known of this Win. 
TonUinson, or waeiher he has any successors in 
tlie watch trade." 

[ We trud that some reader can give the re- 
mnred itiformation That Benjamin FranMin 
had an thglish watch is interesting, in presence 
of his enhance with France io Srive us from 
his country.'] 

G. V. 8. — Manui/tanks for pointing out the 
omission. Mr. Urossmatm's rejoinaer shall 
appear ngd mmiih. 

M. B. — A work giving the inhifncUioii for 
which you ask ismMisliai by J. Davy ^ Sons, 
LoTM Acre. Ask for Chronomder size at any 
of the tool shops. 
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Memhs. E. Dent and Co., have recently 
cleaned the going train of the WcstminBtcr 
clock, whicli has we believe, been stopped but 
three or four times, during the fourteen years 
it has been the regulation of the metropolis. 
On the last occasion, BOrao three years ago, ' 
the going and striking trains were cleaned, 
after a fire which had occurred in tho tower; 
but previously to this, the clock had been 
going continually, excepting in two or three 
winters when an accumulation of snow upon 
an ornamental moulding round the dials, 
obatnicted the passing of the hands. It now 
ecarcel; shows signs of wear; and during the 
month previous to cleaning, its accumulated 
error upon no occasion exceeded one second. 



LIST OF NEV MEMBEM 

Alexander, Wm., Jeweller, Gordon and 
Buchanan- street, Glasgow. 

Bell & Atkinson, Lancaster. 

Blackuckst, John, "Watch and Clock Maker, 
Market-street, Crewe. 

BsmoHAN, R., Examiner, Frebend-atreet, N. 

Cohen, Jahxs, Clock Maker, 2, Brage»-ter- 
race, Stepney. 

DiEE, Geohok, Watch Maker, 90, Eegent- 
Btroet, W. 

Gheexhaloh, J. J., Watch and Clock Maker, 
3, Lord Duncan- street, Salford. 

Gretooose, a., Wej-bridge, Surrey. 

Hancock, C, Jun., Bond-street, W. 

Hawkins, E., 13, Warren- street, Totf^nhani 
Court-road. 

HoESTMANN, Henet, Watch Maker, Weston- 
super-Mare. 

Johnson, E. SuTrow, Watch Maker, Chamiwod 
House, Derby. 

Mackintosh, — , 31, Hanover-street, N. 

Martin, J., Case Maker, 47, Gerrard-street, R. 

MoBTON, G., Watch Maker, 31, Huotw- 
street, N. 

Mountain, Chaelm Geobqe, Engineer odJ 
Millwright, Silffolk Works, Birmingham. 

Nelson, J., 50, Walton-road, Liverpool. 

Perkins, Tnos.. Inspector, National Watch 
Company, Elgin, III., U.S.A. 

PinnucK & Sons, Goldsmiths and JeirelieiB, 
24, St. AnnVsquaro, Manchester. 

Price, James, Watcli and Clock Maker, iOl, 
High-street, Ashford, Kent. 

I'owNALL, H. W., Bank Manager, St. Marga- 
ret's, Twickenham. 

Raihi^)rth, J. T., Watch Maker. BridgwatCT, 
Somerset. 

Salsuvrt, B., 5G, High-street, Guildfonl. 

ScnwEKT, Cbas., Watch Maker, 39, Edmund- 
street, Birmingham. 

Sealy, — , Tuuhridge Wells. 

SunoB, G. F., Watch Maker, 10, John-street, 
Pentonville, 

TfiOTTKH, John T., 131, Westgatc-road, New- 
castle -on- Tync. 

WenBER, Henry, Springer and Timer, 13, 
Lucas Terrace, Leytonstone, E. 

Weichkbt, W., ChroHometor Maker, 119, 
Buto Docks, CanUff. 

Weigutman, Edwin, Watch Manufacturer, 
11, St. John's-stroet-road, E.G. 

Wheeler, P., Narracoote, South Australia. 

Whitkhobn, Taos., Watcli and Clock Maker, 
18, Heath-street, Hampstead, N.W. 

Wilson, Geo., Watcli Maker, Penrith. 

AVooD, C., Bredhurst, Chatham. 

Wl-lff, Hesby, Watch Maker, 188, Broad- 
street, Birmingham. 
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HE distribution of prizes, wliich took place at the Mansion House, on Saturday, 
January 17, forms tiio last step in the proceedings connected with the Exhibition. 
! results of the experiment have been satisfactory and successful beyond* expectation. 
I trade where ordinarily so much isolation exists, to find numbers ready to contribute 
r specimens of work, and those men of the first rank in their respective departments 
an encouraging omen ; the quality of the work exhibited sustiiined the reputation of, 
the character for precision to which Clcrkenwell lays claim, pre-eminently above all 
:e8 in the world. The favourable notice of tlie Exhibition which appeared in the Tunes 
other papers gave a sudden celebrity to the house of the Institute, in Northampton- 
ire, the cron^ ds of visitors being out of all proportion bcyoDd the convenience of the 
ding or the expectations of the Council. The large attendance of the outside public evinced 
•ong desire on their part to make themselves better acquainted with the actual merits 
Jighsh watchwork, which have been so often unfavourably compared with the produc- 
5 of foreign countries, and the favourable opinions expressed by many of the visitors 
no doubt in some measure account for the many applications for space after the open- 
wbich, unfortunately, could not bo complied with. To a success so unexpectedly 
t the conclusion at the Mansion House was most appropriate. The central area of the 
ling (the reception-room on all State occasions), in which the Lord Mayor arranged for 
prizes to be given, was thronged, more than 1,000 members of the trade, with their 
ids, being present. The glitter of the chandeliers, and the gilding of the cornices and 
columns, with the Lord Mayor in his official robes, surrounded by his suite, as dis- 
itor of the prizes, made the evening memorable. 

le President was warmly received, and listcneil to with attention till he reachetl hLs 
lents on the merits of the Exhibition and of exhibitions in general, when symptoms 
ssent pervaded the assembly. The opportunity of addressing the trade does not often 
' to the President, though the columns of the /oiimal arc at all times open to his com- 
eations. We were therefore surprised at his strangely severe remarks, depreciatoiy of 
Ixhibition, in a meeting where all were prepared for congratulation. His strictures 
liat he terms mere finger- work, and his complaint that prizes were given for polishing 
8, &c., evidently proceed from a misconception, as a reference to the scheme put for- 
by the Council, the Judges' report, and also to our report of the Exhibition in the 
nber number of the /oumcdy will show. In our repoii we alluded to these minor 
J as proof of the exfa^me attention to detail shown by the workmen, but certainly 
put them forward as excellencies deserving the award of a prize. As regards finger- 
it is unnecessary to point out to tho readers of this Journal that when brainwork, or, 
fier words, science, has done all it can, finger- work, or, as watchmakers term it, 
ing, will ever remain an important element in the production of good watches. Our 
lent himself admits that *' good execution must be cultivated in watches, in oi^er to 
ce good work." The praises bestowed by the President on the American system of 
ig w.itches by machinery in factories, afforded an opportunity to Sir J. Bennett for 
iring one of his characteristic speeches, eulogistic of Swiss watches, and dspreciatory 
glish watches and watch making. Ho enlarged on the need of education, especially 
ical education, and of his own great efl*oits in that directior.. This is indeed bitter 
coming from a man who has never subscribed to any technical education for watch 
•8, and who is not even a Member of our Institute. 

iting these drawbacks on which we have commented, we may congratulate the trade of 
xQwell on having given an example to the Trades and GuiLl.i ui* the City which they 
o well to follow. 
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EALF-TEABIY ¥EETIN5 OF MEJIBER8. 
The hulf-yonrly mcetiug of the menibcrB, for 
recfivinx the report of the Council and the 
transaction of oniinary bueinees, was held at 
the laBtitute on Tuesday, January lath ; Mr. 
John Jones, F.fi.O.S. (vice-president), pre- 

Atter reading the minutes of the previouE 
genera! meeting, the secretary read the fol- 
lowing 

Mepyrt for the Rdf-Year ended the ZUt q) 
Deamber, 1873. 

" Tko Council have much pleasure in pre- 
senting for the half-year a Report shcn'ing 
that the Institute is making satisfactory pro- 
gress. Every important source of revenue 
appears to he steadily increasing. "With a 
larger ineome, the Council have been enabled 
to confiidcrably enlarge the size of the Journal, 
and to accomplish many objects, long in view, 
but com polled to remain in abeyance for want 
of fundfi. 

" The distinctive feature of the half-yen 
the Exhibition of Work referred to in the last 
report, which has boon not without considerable 
labour, brought to a successful issue ; all that 
remains to be done being tho distribution of 
the prizes, which has been undertaken by the 
Lord Mayor. Kecessorily, in an experiment of 
this kind, many incidents have occurred, sug- 
gesting improvements poBsihlo in arranging 
a future exhibition, hut, taking tho ninnber 
and quality of the exhibits, and the amount 
of interest awakened in the trade generally, 
the Institute may he congratulated upon the 
result. 

"The Council received with gratification 
from thegentlemen deputed to examine the Stu- 
dents their report, recently published in the 
Journal, expressing satisfaction with the pro- 
gress made hy the class generally, and award- 
ing two silver medals and other prizes to the 
pupils most proficient. These prizes will bo 
presented by the Lord Mayor, at the Mansion 
House, concurrently with the distribution of 
the Exhibition awards. The educational de- 
partment of the Institute is evidently of 
paramount importanco, and the Members n-ill 
ao doubt feel with the Council that no effort 
should be spared to maintain its efficiency. 
"With tho assistance afforded hy the Worship- 
ful Goldsmiths' Company, facilities arc offered 
to young members of the trade for obtaining 
teclinical instruction, such as ore possessed 
by no other craft in London. 

"Uy the resignation of Mr. Mayer, who 
was unable to continue tho great sacrifice of 
time demanded hy the honorary office, the 
Journal has lost an able Editor. Members are 
earnestly invited to assist the C'ounoil by send- 



ing for publication in the Journal any matt^ 
likely to bo of interest to the trade generallr. 

" By the kindness of the .Astronomer Boyu, 
Members have been enabled to inspect tbe 
instruments at Greenwich Observatory. The 
pleasure of tho viait was enhanced by thc}ur- 
ticular courtesy and attention of W", H. M. 
Christie, Esq. and other assistants of the 
Astronomer Aoyal, who undertook oxplani* 
tions of the various objects of interest. For 
a second view of the Westminster Great Cltwll, 
the Members are indebted to tho First Com- 
missioner of Works. The tlmnks of the 
Council arc duo to Mr. Perkins for his Lcclare 
descriptive of the machinery used in theUnifed 
States for the manufacture of watches, t, 
subject which cannot fail to he of interest to 
all watchmakers. 

" The Council, with pleasure, acknowledge 
the following gifts : — 

" Six copies of a pamphlet, 'On the Con- 
struction and Theory of the Dead Escapement 
for Clocks," by the late B. L. VuUiamy. Pre- 
sented by his son, George VulUamy, Esq. 

" One copy of ' A Description of the Time- 
keeper invented hy Mr. Thomas Mudgc,' from 
Mrs. Me Do wall. 

" Twenty-four numbers contained in Vols. 
1 and 4 of the AnKrkan Horo/offical Joiirml 
from the proprietor, Mr. Miller. 

" A Blue-book on ' Hall -marking,' fron 
Professor Ten n ant. 

" A Skeleton Horory Sphere, from Mr. K. 
D. Johnson. 

" ' Greenwich Observations' for 1868-69-iO, 
and 1871 ' (4 vols.,} presented by the AstroM- 
mer Koyal. 

"Patent Office Reports for 1869-70, uad 
1871,' (7 vols.) from thelfnited States Goveni- 

"Thirty-five new Members hare btcn' 
elected during the half-year. 

By Order ol the Council, 

(Signed} F. F. BErrtKN, Secretarr- 

" Bi^nce Sheet/or l/it Half-Year enia/SU' 

of December, 1873. 

Dr. Incohe. £ I. J- 

To Balance in Treasurer's hands, last 

audit 19 18 ID 

„ Building Fund oO OO 

„ Donation from Goldsmiths' Com- 
pany, applicable tothe hall-year W 

„ Bubsonptions 88 13 

„ Sales of Journdi 46 3 

„ Advertisements 59 13 1 

,, Drawing Claaa Fees 1 6" 

„ Sundries G 4 

,, Contributions to Exhibition Fund 11 9 « 
„ Six Months' Int«rGBt of Building 

Fund t 5 U 

£303 la fi 



•n., IBTi.] 

Cr. EsPENDITUBB, 

y Rent and Taxes 

„ Solflrica, Wagea, and Commiasions 

„ Journal Eipenses 

,, StatiuDcrj, Stamps, &o 

, House Expeases 

., Prioting and AdvertiEioft 

,, Sundries 

., Exhibition Expeniei 



09 9 10', 



i 10 



y Caali in Tretuurer*! hands . 
, „ Building Fund 



19 11 



£303 12 6 

" We have examined, the above etutemcnt, 
jgether with tlie hooks and Touchers, and 
etttfythe same to be correct, this 13th di 
it Januarr, 187-1. 

(Signed) J;^f; ST"' j Auditor,: 
The Chaiemas, in moving the adoption 
llie report and balance-sheet, said that, owing 
tc ill-health, he hod been absent from many 
of the Council meetings during the halC-year, 
lad in consequence was not so conversant as he 
•IwHdd be with the subject-matter of the 
Kport. At present the trade of Clerkenwell 
wi in a very prosperous condition, but the 
siTOneemcnt of the Institute was not coinci- 
dent with the prosperity of the wfltch and 
(^k making, but was due, in a great mca- 
•nre, to the energy and ability displayed by 
Ui«r secretary. The item, " building fund," 
■Q the balance- sheet brought to his mind the 
•Bcooragement they had received from the 
lUi^uia of Iforthampton. Nothing was said 
O the report indicative of any further steps 
WTing been token to secure enlarged premises 
fct the Institute. Perhaps the secretary 
*oiiU give them some information upon the 
pUit. He considered that the fact of the 
wid Mayor giving his countenance by distri- 
''Uiiig their prizes was singularly appropriate, 
*<(ing that the Lord Uayor, being elected by ' 
Owilifferent guilds, was reiJIy the oniyrepre- 
•ttUtive of the London tradcB. Their exhi- 
ntioii was altogether a pleasing matter, and 
"t real usefulness woald bear fuvourable 
^pttiwn with the more pretentious exhibi- 
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£ s. il. and which was ably sustained for many years 
31 18 4 I,y Mr. Struchan, now devolved upon their 
^ }^, Secretary. The Secretary reminded him that 
task of- finding original matttr rested, to 
a great extent, with members of the Council. 
He (the chairman) could not help thinking 
that the members generally could assist with 
contributions more freely. There were a few 
members who frequently favoured them with 
articles. !Mr. Dennison, of liradford, had 
recently opened an important and interesting 
subject, but there was room for many fre^h 
contributors. By their combination as a 
society they had been enabled to tbtain the 
interesting visit to the Greenwich Observatorj- 
mentioned in the report, to inspect the anti- 
quities and the Eplcndid instruments now in 
use for observing the motion of the heavenly 
bodies. They could not boast of many 
lectures during the year; the time had been 
when those who induced lecturers to come 
there, bringing, perhaps, apparatus costing 
much time and labour, were dismayed and 
confused into shame by finding only throe or 
four people present. However, brighter times 
had dawned upon them, and he trusted that 
their progress would be continuous. 

Mr. J.\rKSON (treasurer) had much pleasure 

in seconding the adoption of the report and 

balance-sheet. The financial portion was 

particularly his department, and the 

improvement shown in their balance-sheet 

particularly gratifying to liim, inasmuch 

,e had a vivid recollection of tho many 

hen they wore compelled to submit 

a discouraging financial statement. l\'o one 

was better aware than he of the efforts their 

bringing gentlemen of 

ability and distinction to lecture at the 

Institute, and he could assure him that in 

future the Council would consider it a point 

of honour to secure an audience. Having 

presided at tho last lecture, he could say that 

the lecturer had no cause of complaint in the 

number or intelligence of his audience. 

Mr. Pbosser said a proof of the advance- 
ment of the Institute was to be fonnd in the 
interest taken in their proceedings by the 
general public " > > ■• ■ i ■ > > »■■ 



He held in his hand a Bir- 
^'"M annually held at South Kensington, I mingham daily paper, which had been sent 
*hic!i, so far from being an unmixed benefit, I to him that morning, containing a lon£ report 
•*« viewed with alarm by many leading I of their recent transactions. 
I'^mbers of the trading community, as sub- j Sir. Uil'ki.ey thought the report very grati- 
Iwtiiig tradesman to an unfair competition, by lying. He confessed he should hove preferred 
Striding a house Cree of t&xes for foreigners . more specimens of work at the Exhibition than 
^•tll their goods. Mr. Mayer was unable to | were shown. It was a matter of surprise to 
wrote th« time necessary for editing the him that Lancashire should have been wholly 
^Vnuil for ft further period ; the members, ' unrepresented there. He agreed with Mr. 
^ WIS sore, fully appreciated the labour Mr. Jones that exhibitions such as theirs were 
Xijerhad already given them. The burden | productive of good; they afforded an oppor- 
< editing Uie Jomnal, which he had resigned, ' tunity for study and pleasure to an intelligent 
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man, who could not fail to get some hint or 
new idea for examining the work in the 
vaiious branches. He thought they had 
reason to be proud of the distinction shown 
them by the Astronomer Royal in opening 
his gates to their membei-s. Mr. Ellis said 
during their recent visit that so large a party 
had never visited the Observatory before. The 
great increase in the income from sales of 
jouraals and advertisements was especially 
gratifying, and would have resulted in a 
larger balance, but that the amount paid on 
behalf of the Exhibition expenses to the 31st 
December exceeded by £13 the contributions 
to the Exhibition fund received by that date. 



juror. The acquisition of Sir Charles Wheat- 
stone would shed honour and lustre upon the 
Institute. 

Mr. Bacon seconded the nomination, which 
was carried unanimously. 

Mr. Jackson, on rising to propose, in accord- 
ance with previous notice, that Mr. George 
Mayer be elected an honorary member, said 
they could not better show their appreciation 
of the services rendered by Mr. Mayer, a 
gentleman of undoubted literary ability, who, 
when they were left without an editor, stepped 
in and conducted their Journal. He did not 
say there was no point in his management to 
which exception could be taken, for ** to err 



The report and balance-sheet having been j is human," but he thought twelve months 



adopted unanimously. 

The Chaibmax rose to propose the motion 
of which he had given notice — ** That the 
Baroness Burdett-Coutts be elected an hono- 
rary member of the Institute" — and remarked 
that no apology was necessary for his propo- 
sition to accord to the Baroness Burdett-Coutts 
the highest honour it was in their power to 
bestow. AVhen tlie Exhibition of work was 
mooted by Mr. Bohme, he (the Chairman) 
waited upon her ladyship, who entered into 
the details of the scheme, and satisfied herself 
of the good likely to result, before giving the 
proj ect her countenance. The offer of the prize 
of £50 for the best essay on " Compensation" 
came spontaneously from her ladyship. He 
was sure the members present would agree 
with him that they were fortunate to secure 
the co-operation of so distinguished a lady. 

Mr. Jackson was thankful for the privilege 
of seconding the nomination of Lady Burdett- 
Coutts, whose beneficent acts always bore 
evidence of that rare quality of judgment. 
Having accompanied Mr. Jones on the occasion 
referred to, he could bear testimony to the 



devoted labour was worthy of the highest 
honour they could confer. 

Mr. Evans seconded the motion. 

Mr. BiCKLEY wished, at the out*jet of the 
few remarks he felt compelled to make, in 
opposition to the proposition of Mr. Jackson, 
to disclaim any personal feeling towards Mr. 
Mayer other than respect. It was a well 
understood and intelligible rule that honorary 
membership, the highest honour the Institute 
could bestow, should be reserved as a recog- 
nition for exceptional services rendertd hy 
distinguished persons, and ho feared if Mr. 
Jackson's motion was agreed to it would form 
a dangerous precedent. If the principle were 
admitted, he could point to the great and 
constant services of their Chairman (Mr. 
Jones), to the arduous work of Mr. Jackson 
and others, as deserving this cxceptionftl 
honour. He would even speak of hw own 
services ; without egotism, he could say he 
had worked hard and constantly for years, 
often when the affairs of the Institute vere 
in a discouraging state. Let him not be mis- 
understood, he did not crave honorary mem- 



interest her ladyship took in such work as bership; he would not accept it if offered; 



the Institute was endeavouring to accom- 
plish. 

The resolution having been enthusiastically 
carried, 

Mr. BicKLEY, in accordance with notice 
standing in his name, moved that Sir Charles 
Wheatstone, D.C.L., LL.D., F.R.S., be elected 
an honorary member of the Institute. He 
reminded the members that honorary member- 
ship had been devised as a means of associating 
with themselves eminent men of science, of 



all round they were bound to work hard and 
make sacrifices, and the only logical deduction 
from Mr. Jackson's proposal was that they 
should elect each other honorary members all 
round. It was far from his wish to detract 
from Mr. Mayer's services ; he would join 
cordially in a vote of thanks, or subscrihe to 
a testimonial, but it would be his painful 
duty to vote against the present motion. 

Mr. Ganney, in supporting the resolution, 
adverted to the services which, he said, 



whom there could be no more brilliant example j himself, had rendered to the watch trade, more 
than Sir Charles Whcatstonc, who had never j particularly in spending four years in the 
i_j X- _•__ XI- I-.'- -__-_i. United States investigating the manufacture 

of watches by machinery, and thought the 
translation of the works of the elder Jiirgensen 
which had been undertaken by Mr. Mayer, 
well worthy of the proposed recognition. 
Mr. ScHOOP thought it only right tiiey 



scrupled to give them his assistance, even 
though it involved arduous labour. He (Mr. 
Bickley), as a member of the Exhibition 
Committee, had an opportunity of observing 
the painstaking manner in which Sir Charles 
Wheatstone acquitted himself of the office of 
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should make some recognition of the labour 
involved in the translation of Jurgensen's 
work, commenced by Mr. Mayer with singular 
ability, as he could testify from having read 
the original work. He had often wondered 
how Mr. Mayer could find the necessary 
time, and when they lost his services as 
editor he (Mr. Schoof) feared the transla- 
tion would lapse. Mr. Mayer, however, pro- 
mised to complete it, and would, no doubt, 
have continued it regularly but that he had 
been busily engaged lately. Probably the 
case would be met by electing Mr. Mayer a 
life member, which would remove the objec- 
tion to ^Ir. Jackson's proposition, and, he 
thought, be equally acceptable to Mr. Mayer. 
He would move an amendment to that effect. 

Mr. Jackson said that as the value of any 
decision would depend upon its unanimity he 
would, with the chairman's permission, with- 
draw his motion and second the proposition of 
Mr. Schoof, suggesting, however, as an addi- 
tion, that a set of volumes of the /oumal 
should also be presented to Mr. Mayer ; to 
which Mr. Schoof consented. 

Mr. EicKLET had much pleasure in support- 
ing the proposition. He thought Mr. Ganney 
misunderstood the nature of honorary mem- 
bership, which was really the Victoria Cross 
of the Institute. 

The motion that Mr. Mayer bo elected a life 
member, and that asetof volumes of the /aumal 
be presented to him, was put and carried nem. con, 

Mr. G. Barter, of Wilmington-square, and 
Mr. G. Morton, of Hanover-street, were 
elected to fill vacancies on the Council. 

A vote of thanks. was accorded to the Pre- 
sident of the Institute (Mr. Denison,) on the 
motion of the Chaibmak. 
• Mr. Jacxson proposed a vote of thanks to 
the Vice Presidents, and regretted that so much 
of the Vice Presidents' work devolved upon 
their Chairman, Mr. Jones ; at the same time 
they must not forget the past services of Mr. 
Jolmson, to whom he might say was due the in- 
ception of the Institute, or the arduous work 
given by Mr. Elafbenberger in their earlier days. 

Mr. PooLB, in seconding, took occasion to chal- 
lenge the statement so often made that we were 
losing onr foreign market for watches, instancing 
a case of his own experience where our watches 
were supplanting high-priced Prench work. 

Mr. Jones, in acknowledging the vote of 
thanks to the Vice-Presidents, bore testimony 
to the indebtedness of the Institute to Vice- 
President Johnson, to whom no honour could 
be rendered in excess of his deserts. 

The services rendered by the Auditors, the 
Secretary, and the Press were acknowledged, 
•ad the proceedinn brought to a close by a 
tote ef tnaiika to &e Chairman for presiding. 



DISTBIBTinON OF PEIZB8 BY THE 
lOED MATOE. 

The prizes awarded in connection with the 
Exhibition of TVork, and to the students in 
the Technical Classes were distributed by the 
Lord Mayor, Mr. Aldermen Lusk, M.P., at the 
Mansion House, on Saturday, January, 17th., 
in the presence of a large audience including 
the President, (E. B. Denison, Esq., LL.D., 
Q.C.,) and many members of the Council. 

The Lord Mayor, in opening the proceedings, 
said he was pleased at having an opportunity 
of helping to forward the ends of technical 
education. It was difficult to find time for 
one thing and another, and he regretted that 
his time was so taken up by other matters as 
to be unable to assist oftener at such meetings. 
Their time on earth was limited, and unless 
they could live as long as Methuselah they 
would never be able to bring about a satisfac- 
tory settlement of matters connected with the 
technical education of the people. The ob- 
ject of the British Horological Institute was a 
most laudable one, as it tended towards the 
perfection of watch and clock making. He 
hoped none of them would think they had yet 
arrived at perfection, as nothing should be 
considered as being perfect. The longer they 
lived the more they learned, and this as well 
as similar institutes, contributed greatly to 
the improvement of education and learning. 
He remined them that although England had 
long the pre-eminence in their valuable art, 
she was now closely pressed by foreign com- 
petition. They could see ornamental French 
clocks in the windows, and in drawing rooms, 
and a large number of persons canied Swiss 
watches. He thought they ought to produce 
those articles in this country as ornamental 
and as cheaply, and any system of competi- 
tion which could be introduced would be good. 
There was great competion everywhere nowa- 
days, and Englishmen, who had the best heads 
and the best brains, should cultivate them so 
as to keep ahead of all other nations. It was 
true the climate of this country was not so 
favourable to workmen as that of France or 
Switzerland, as Englishmen required stimu- 
lating food, and that made living more 
expensive. He believed, however, that 
Englishmen possesed the best developed intel- 
lects in the world, and they must exercise 
them in order to remedy any climatic defects 
there were in this country, and acquire a good 
technical education, which was as important 
to them as general education was to be the 
whole people. Not only as Lord Mayor, but 
as member for Finsbury, he had always 
sought to promote education, both general 
and technical, and it was in furtherance of 
this object he presided there that eveningi 
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He felt snre they would all try to succeed, 
and if they did not obtain success, then they 
would do their best to deserve it. 

Mr. Dfxisox, Q.C, President, said he did not 
know until a few minutes ago what would be 
the course of proceeding this evening, nor 
what kind of address would be expected from 
him. He had then been asked to take advan- 
tage of the largo meeting, which he was glad 
to see, to give a short account of the progress 
of the Horological Institute and its present 
work. It was started in 1858, before he was 
connected with it, and it was pleasant to re- 
member that that connection arose from a 
lecture which he had been invited by the 
Council to give to the members, in the large 
room of the Society of Arts, in 1866, on the 
subject of *' Largo Clocks," to which they 
probably knew that he had devoted special 
attention for many years — he might say, from 
when he was a boy. He was afraid he had been 
rather a bad member of their Council, 
though he had done all he promised when he 
accepted the office of President, having always 
attended meetings to which he had been 
invited for any special reason, provided they 
were not in his own professional working 
time. He had also faithfully kept his pro- 
mise never to attend any public dinners, as he 
never did so for any institution, or on any occa- 
sion whatever, though it sounded like heresy to 
say tha^ in the Mansion House The Institute 
had for some time to struggle with difficulties, 
and especially in what was perhaps its most 
important work, carrying on the Horological 
Journaly which ho was glad to hear had now 
reached a sale of 1200, including a continu- 
ally increasing demand in America. • That 
Journal afforded the means of publishing every 
novelty of horological interest. It is recog- 
nised by the Astronomer Koyal, who sends 
the reports of the Greenwich trials of chrono- 
meters, as does Mr. Hartnup those of the 
Liverpool Observatory. Ho had beem told 
that evening that the Astronomer Royal had 
lately invited the members of the Institute to 
a visit of the Royal Observatory, a privilege 
gi-anted very sparingly ; for such visits cannot 
take place without to some extent interfering 
with the work of the Observatory, and the 
stars wait for no man. Moreover, the Council 
of the Koyal Astronomical Society, of which 
he was for the present a member, had lately 
agreed to send their Monthly Notices to the 
Institute, a publication which (as has been 
said by one not particularly friendly to that 
Society) " contains the materials from which 
the history of Astronomy is written." Indeed, 
the connection between Horology and Astro- 
nomy is too obvious to need enlarging on. 
Time is an element of every astroT?omical 



observation relating to the motions of the 
heavenly bodies, including those used for 
finding unknown longitudes. And the very 
reason why chronometers are tried continuallj 
at Greenwich and Liverpool, and the best 
selected for purchase by the Admiralty, and 
the rates of them all published, is to encourage 
the continual improvement of that important 
instrument, testing it (he wished particular-j 
to observe, with reference to the coming basil 
ness of the evening,) by the only test of any 
value — ^its actual performance. The Institute 
has also a library, to which the members can 
resort, of whom there are about 400, and they 
receive the Journal gratis, and can attend all 
lectures at tho Institute. Speaking of them, 
he would specially mention a recent one of 
great importance, on the American system of 
watchmaking by machinery, which is carried 
on there far beyond anything that is attempted 
here, and that is the reason why the Americans 
can beat us in the markets, even our own, where 
cheap and yet reasonably good watches are 
required. He was glad to see from that 
lecture, and from what he had heard other- 
wise, that there is at last a real prospect 
of a complete watch machinery estabfisli- 
ment in England. If the Americans, with 
the enormously high nominal wages that pre- 
vail there (for it does not appear that work- 
men can get more with them) can undersell 
us, it is evident that we ought to beat them 
with the same system properly worked here. 
He had been told since he came here, that the 
English watch trade never was more flouiish- 
ing. But what had they to say to the Lord 
Mayor^s very true remark, that you see French 
clocks in every drawing-room, and he might 
have added American ones in every kitchen, 
and Austrian ones in many halls, and Swi» 
watches in every lady's hand, and in many 
gentlemen's ; and also to the JEact noticed in 
the Times the other day, that the import of 
foreign watcher and clocks increases va^tly 
every year? Returning to the subject of 
lectures at the Institute, he said that eveiy 
person of experience knows that it is im- 
possible to keep up any regular system of 
really useful lectures on any art or science : 
the materials and the men do not exist for it 
They must be content with such occasions as 
present themselves, and perhaps the lectures 
excite more interest from not beinar regular, 
and being only given when there is something 
to be said of special importance to their trade. 
As he had been speaking of the gradual ad- 
vance of the Institute in public recognition, he 
ought not to omit the permission of the Board of 
Works to the members to visit the "West- 
minster clock on two occasions, and the liberal 
donations of Lady Burdott-Coutts, for prizes 
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which he sl:ould have to speak more par- 
alarly,) and of £50 from the owner of the 
ritory on which the Institute has its habita- 
tt. Lord Northampton, who, he understood, 
1 also promised to assist them further in 
aining premises better adapted for the work 
the Institute. One important part of it 
had not yet touched. The Lord Mayor had 
•ken of the value of what is called ** techni- 
education ; " and he had heard with some 
prise, since he came into this room, that the 
rological Institute was the first, and until 
te lately, the only public body in this City 
leh offered technical education to its own 
mbers, and he believed to other stu- 
ita. As somebody seemed to demur to this, 

would repeat more specifically that he 
lerstood that it was owing to the reprcsen- 
ons of one of the most active members of 
ir Council, Mr. Jones, that the Goldsmiths' 
npany had lately established soma technical 
iures of their own. There is among the 

City Companies one called the Clock- 
kers' Company, and they once came forward 
iieir corporate capacity to make a represen- 
ion against the proposed construction of the 
istminster clock. He did not know whether 
y had yet in any way taken up the Insti- 
e, but one would think there ought to be 
le connexion between them, which might 
beneficial to both, or, at any rate, to the one 
ich has been and is doing whatever has 
ID. done to advance the knowledge of Horo- 
ical science. Some of the rewards which 
1 Lord Mayor was going to administer, were 

drawing from Horological models in the 
aaes of the Institute. The prize offered by 
dy Burdett-Coutts, for an essay on the 
npensation Balance, is not yet adjudicated ; 
t there was a similar one last year on the 
)chronism of the balance. And now he ap- 
Mched a ground on which he felt obliged to 
press opinions which would probably not be 
reeable to a good many of the audience, but 
vertheless he believed it would be for their 
*rrst to hear them, and to reflect on them. 
p)<' of them had heard him express similar 
u.ions at a meeting of the Institute a few 
^ ago. But a man who thinks he will, 
Hite an impression by expressing an opinion 
an argument once or twice must have very 
tie knowledge of his fellow creatures. He 
^ repeat it very often, and especially 
ienever circumstances turn up which enable 
a to enforce it. Now, passing on to the prizes 
' actual work done in the educational classes, 
linst which he had nothing to say, here are 
D lets of prizes given, one for literary com- 
<ition of an essay on some horological sub- 
t, and the others for exhibited work. He 
I rend a good deal of the prize essay of last 



year, and it entirely confirmed the opinion he 
had formed long ago of the value of prize 
essays ; in fact, among persons of any literary 
experience, " a prize essay" is almost synony- 
mous with an attempt at finer writing than 
the author is master of, containing nothing of 
the smallest value to mankind. When you 
want to test young men's literary acquire- 
ments, it is quite right to set them to show 
those acquirements by writing essays, or other 
kinds of composition. But what earthly use 
to anybody can there be in encouraging young 
watchmakers to waste hours in painfully writ- 
ing, in many pages, what may be found almost 
in as many lines, and infinitely better done, in 
various elementary books of science or mathe- 
matics ? I see, (he proceeded) that the editor 
of the Journoi was so stunned at some of the 
author's views, on what may be called the 
mathematical elements of his subject, that ho 
put in a note to remind the readers that ho 
was not responsible for them. Perhaps I 
ought not to say more of the defects, for I 
have no wish to blame the author for not doing 
what he ought never to have been encouraged 
to do. And I dare say the judges, (though I 
hear they were not unanimous,) really chose 
the best of the essays sent in. But I do say 
that such a result ought to be a warning 
against encouraging any more such waste of 
time. These young men have to make their 
living, and perhaps advance to the highest 
position in their calling, like those dead and 
living horologists whose names are familiar to 
most of us, not by writingessays on the elements 
of the art, but by acquiring practical skill in 
it, and discovering improvements if they can. 
I have yet to remark on the remaining subject 
of this evening's prizes, for work in the 
late Horological Exhibition. There again I 
have not the least doubt that the judges have 
selected the best work of its kind. But I am 
far from satisfied that that is the kind of 
work which it is profitable or desirable to 
reward. The Lord Mayor naturally spoke of 
** inventions," believing he was going to give 
prizes for them ; and if I had been in his 
place, and had not read these awards of prizes 
— I mean especially the medal and money 
prizes — I should have expected as he did, 
that we were going to reward inventions by 
which horology has lately been advanced, or 
is likely to be. But what are we really going 
to give these prizes for ? Why, for polishing 
screw heads, and the flat sides of wheels, and 
things of that kind. Some of you may re- 
member my laughing at a meeting of the 
Institute at the importance attached to 
'' facing pinions," and I asked, and ask again, 
how many people in England have the most 
remote idea whether the pinions of their 
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watches are faced or not, or even -what it 
means ; and what is more important, will any 
man in this room venture to say that a watch 
wiU go the smallest degree better or worse, 
whether its pinions are faced or not, or whether 
the wheel faces are polished, or the screw- 
heads left ** grey " ? Old Eamshaw, the real 
father of the chronometer as it is now made, 
began fighting that battle nearly a century 
ago, and though, being an independent and 
original man, great people tried all they 
could to keep him down, he made them admit 
that his unpolished and even his unselected 
chroncmeters beat the highly finished and 
selected ones of Arnold, who was patronised 
by the grandees of that time, and has been 
generally since talked and written of as if he 
invented the chronometer and Eamshaw had 
been nobody. I had for some years to fight 
the same battle with respect to large clocks. 
When I began what I may call the reform 
of them at Dent's factory about twenty- four 
years ago the settled price of large church 
clocks was from £400 to £500. A large pro- 
portion of this went for labour which was 
utterly useless for any practical purpose — as 
useless as facing pinions and polishing screws 
of watches now. By simplifying the work, 
introducing the gravity escapement, which 
requires no delicacy of execution or finish, 
prescribing east iron for all the larger wliecls, 
and prohibiting all unrecessary polishing, by 
the provision in specifications that all non- 
acting iron surfaces are to bo painted, the 
price of turret clocks has been reduced con- 
siderably more than half, in fact, to about 
forty per cent, of what it used to be for clocks 
of the same size, while their accuracy of per- 
formance has been so much improved that 
whereas the old-fashioned makers, if they 
would give any guarantee for rate at all, 
guaranteed one to within five minutes a week, 
I now always insert in specifications five 
seconds ; and other people tell me that they 
have reduced the errors of their own clocks 
in just that proportion. I willingly accept 
what somebody said in derision of the West- 
minster clock, that '' it looks like a patent 
mangle;" but still you know it goes better than 
any astronomical clock with the finest dead es- 
capement that was ever made. That is j ust the 
difference between science and art in these 
matters. The art of clock-making had been 
carried to the highest possible pitch, i.e., the 
work that was designed could not possibly be 
executed better than it was and is in the best 
regulators. They had reached their limit, and 
yet that limit was a long way fi*om per- 
fection. I have seen rates of the very best 
regulators, which show clearly that the rate 
ii caprioious and can never be depended on 



with certainty, even to keep in one direction 
for any considerable time. That is in a great 
measure removed, and, though I am far from 
thinking even clocks perfect, there are now 
clocks of several constructions, with gravity 
escapements and those of the chronometer 
class, which appear from Greenwich informa- 
tion to have rates rather measurable by tenthi 
of seconds a week than by seconds. It is 
true that clocks are not watches, and that 
watches depend far more upon accuracy of 
execution of very minute and delicate woA 
than clocks. And it is also true that no 
invention of any particular value has been 
made for watches since Eamshaw brought 
the chronometer into its present form, except 
in the secondary compensation of the balance. 
Therefore I admit that good execution must 
be cultivated in watches, in order to produce 
good results in a much higher degree than in 
clocks. Some of the prizes are unobjection- 
able (subject to a question affecting all such 
rewards), but I cannot help saying, however 
disappointing it may be to some of you, that 
polishing of screws and facing of wheels, which 
are specially noticed in the report on the late 
Exhibition in the Jounval of last December, 
and all work of that kind, does not really 
descrs'c a prize of twopence. Encouraging 
that kind of mere finger-work has a 
tendency to discourage that brainwork, on 
which the Lonl Mayor truly said that our 
advance as a nation must depend. I must 
say further, that I am not certain that it is 
not altogether a false principle to encourage 
people to do the regular work of their calling 
by special prizes. The proper reward to a 
man for doing his work better than other 
people is that he can command the market of 
employers and get higher wages and reputa- 
tion, of far more value to him permanentlj 
than any such prizes as we can give. It is 
true that there are men and combinations of 
men now striving to sappresa all indiridual 
merit, and therefore all improvement, by de- 
manding that bad and good workmen shall be 
paid alike, and preaching the insane doctrine 
that the country or their own class will be 
richer the less work each man does ; as if the 
wealth of the country dropped down firom the 
sky, instead of every bit having to be raised 
out of the earth and made valuable one way 
or another by labour ; so that the less eadi 
man does, below the proper measure of his 
strength (which of course ought not to be 
exceeded), the less is done upon the whole, 
and the less wealth there is to spend again. 
Take a very simple illustration of this. Sup« 
pose you were told that, from some disease^ 
advancing with sure steps, and certain to affect 
ererybodyi every man's strengtli would b« 
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permanently reduced one half. You would 
regard it as a frightful calamity, and nobody 
would be so stupid as not to see that the 
nation would be so much poorer for it. Yet 
that is what those fanatics are driving at who 
fancy there will be more money to be spent 
among them the less work they do. I know 
that such people are past argument, and I am 
not expecting to convert them, but only to 
warn you against them. While the Lord 
Mayor was speaking I wrote down these three 
words as & memorandum, **Do your best." 
That is the way that all men have got on who 
have got on and reached eminence. As he 
said, if other people are getting up at seven 
you must get up at half-past six, if you want 
to beat them ; and the only proper limit that 
1 know of for a man's work, whether it is of 
head or fingers or both, is that he should not 
do more than he can with advantage to him- 
self. Overwork is as bad as underwork. For 
some months in every year I have to bear that 
in mind myself, and to do as much as I can 
during the day and no more, taking proper 
rest every day and every week. Acting on 
that plan, of doing everything you have to do 
as well as you can, you will got on 100 times 
better than by all the prizes that could be given 
if we had twenty times the money to dis- 
tribute. It does not seem to me that those on 
whom the work of the country depends, i.e. , 
the much-flattered ** working men," to whom 
politicians who want their votes profess to 
attribute all wisdom, have the least idea how 
much the prosperity of the country, and 
therefore of themselv«is, depends on these 
simple truths. I think I should be doing 
much less good by flattering this assembly of 
horologiflts and their friends with assurances 
that there is nothing in the world so good as 
the highly-finished work for which the prizes 
will be given presently, than I may do by 
asking you to reflect whether there are not 
more important objects than these prizes to 
work for, and whether English horology does 
not require scientific more than merely 
manual cultivation. 

The LoKD Mayob theu distributed the 
following Exhibition prizes, of which full 
particulars were given in the Journal for 
December, 1873 : — Silver medal of the Insti- 
tute and £5 to G. Abbott ; £5 to J. L. Tilling; 
£5 to 11. Gore; £5 to G. Morton; £5 to 
- Andrews ; £5 to W. Sills ; £3 to R. 
firidgman ; £2 to J. Odv ; £2 to Mrs. Maun ; 
£1 to H. Lee ; and £2 'to W. C. Smith, an 
apprentice. Also framed certificates of honour- 
id>le mention to T. Nelson, W. Smith (of 
CoTcntry), R. Foster, F, T. Lawrence, L. 
Finegan, C. Y. Kyman, G. F. Sutton, Thos. 
Boeli^ H. Webber, J. ICartin, R. Bridgmaoi 



T. B. Eraser (of Kcnilworth). W. Twitchings, 
Reymond Bros., and T. Harris. 

Mr. Jones rose to ask the Lord Mayor to 
allow Mr. Glasgow, — who had been one of 
the Council on whom the chief labour of the 
Exhibition had fallen, — to reply to the chal- 
lenge which the President had given to the 
policy of the proceedings. For himself, ho 
respectfully attributed those comments to a 
want of acquaintance with the mode and 
objects of the Council. The word finishing 
may probably have misled the President; 
it is not a word of general signification, but a 
technical term ; it implies the preparing and 
planting the parts in due relation to each 
other BO as best to transmit power, and if 
some superfluity of polish be thrown in it is 
but an insignificant addition to the labour. 
The prize was not for a complete watch, but 
for its parts, each part forming a separate 
trade. The parts of a watch were a series of 
mathematical ideas expressed in steel or brass, 
and the ability to produce such forms involved 
a life of cultivatic n of the nerves and 

The Lord Mayob interposed, and asked Mr. 
Jones to allow the presentation of the prizes 
to be proceeded with. He then distributed 
the following prizes to the students in the 
Technical Class, as enumerated in the 
Examiners' report published in the Journal 
for October, 1873 : — The Institute's silver 
medal to D. Glasgow, jun., and T. Nelson, 
jun. ; the author's edition of Grossmann's 
prize essay on **The Lever Escapement" to 
F. Mills ; axid a drawing-board and square to 
H. Hogan. 

Mr. Glasgow said he- stood before that 
large meeting with feelings of mingled con- 
fusion and regret, confusion and surprise at 
the address they had just listened to from the 
president of the Institute, and regret that 
coming (as he did) to the meeting with other 
duties to perform, he was unprepared to reply 
in an efficient manner to the speech they had 
just heard. He also regretted much to have 
to differ from nearly every word the president 
had baid, personally he had the utmost res- 
pect for him, and they were all proud to have 
a man so eminent and able to preside over 
their Institute. But unprepared as he felt 
and unwilling as he was to thrust himself for- 
ward on that occasion, ho could not allow the 
slight cast upon the judges to pass without 
raising his voice in their defence, but when 
he mentioned the names of Sir Charles Wheat- 
stone, Mr. V. Vulberg, and Mr. John McLen- 
nan, they (the meeting) would feel that 
defending these gentlemen would be super- 
fluous, it would be sufficient to say that three 
men were n^ore capable of forming an accurate 
judgment of what was or what was not 
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worthy of a prize in watch work could not be 
found in the whole trade. But was it right 
of the president of the Institute to come 
there, and not only throw cold water on their 
proceedings to-night, but actually to pooh 
pooh their exertions in connexion with the 
exhibition and indeed the exhibition alto- 
gether. He acknowledged the obligations of 
the trade to Mr. Denison who had himself 
made the best large clock in existence, and 
caused nothing less than a revolution in turret 
clock making ; but he was not a watch maker 
and there was a great difference between 
making a clock that required eight hours to 
wind up and making watches ; he had heard 
Mr. Denison wkj he felt rather flattered by 
some one comparing his great clock with a 
mangle ; but watches could not be made like 
mangles or they would go like mangles, and 
he might remind him that the object of the 
Institute was to promote the making of good 
rather than cheap w atches. A watch was a 
very small machine, too small to be m ^ do by 
any other machine, and quite impossible to 
make up reliable quality without a very high 
degree of finish. As to American machine 
made watches of which he had heard so much 
they had nothing to learn in watchmaking 
from the Americans, and as a proof that the 
American watch had not in any way sup- 
planted us in our own markets — he could tell 
them from his own certain knowledge that the 
American made watches were not brought 
into competition with English or even Swiss 
watches in any of the central or South Ame- 
rican Republics, and if it were not for the 
enormous import duty imposed we would still 
have a largo trade in the United States. He 
had often said before that watchmaking was 
more an art than a science — the late Mr. 
Charles Frodsham said somewhere that there 
were men in our trade who could not do any 
thing badly, yet could not give a reason for 
doing it well. Yet, notwithstanding that 
drawback, we then made the best watches in 
the world, we did so still, and if the young 
men of our trade would av^il themselves of 
the facilities offered by this Institute to 
acquire a knowledge of the scientific principles 
on which our art is based they would be able 
by combining this knowledge with the old 
manipulative pre-eminence to defy compe- 
tition in good watches in the future as they 
had done in the past, and he begged his friends 
not to turn aside from that study of excel- 
lence in pursuit of which he and they had 
spent the best part of their lives, by anything 
they had heard that night. 

Mr. Jones, on rising to thank the Lord 
Mayor, said that nothing had been wanting 
60 far as the place or person were concerned 



to give lustre to the evening's doings. The 
Lorii Mayor was a representative of Finsbury, 
and the only man in England the direct 
representative of the trades. He had insti- 
tuted a new Order of Merit. The City often 
delighted in forming in the East a sort of 
counterpoise to the splendour of the West, 
and in the bestowal of these medals and 
honours the Lord Mayor had exercised some- 
what of royal power. These marks of dis- 
tinction would be worn with pride, nor did 
he think in the neighbourhood of Clerkenwell 
they would suffer in comparison with such 
honours as Sir J. Bennett enjoyed, for he 
(the speaker) judged that extra prefix to his 
name rather a troublesome addition. (Sir J. 
Bennett, speak for yourself) In regard of m 
agricultural show, the landowner, the ki'!? , 
or queen might rightly enough give rewar ;? ; 
but the Lord Mayor was the fit person iu 
matters of trade. Some of our predeccfsois 
had found a rest in Westminster Abbey ; it 
would possibly agree with Sir J. Bennett's 
desires to wish him an early admission within 
those venerable walls. 

Sir John Bennett, in seconding the motioa, 
said that thirty years ago England was un- 
rivalled in watchmaking, but now foreigr"^ 
nations were not only equalling them, bmx"t 
driving them out of the markets of the worl^S. 
In clocks, not one of a thousand sold i« 
England itself was of English make. Time 
Swiss were their great and most dangero"C»8 
rivals, and in order that they might be abl* 
to compete with them they should promo't* 
the employment of women in the trade, an^ 
technical education should be diffused mox"^ 
widely than was now the case. 

The resolution was carried unanimously^ 
and the Lord Mayor briefly acknowledged 
the compliment. 

Mr. E. J. Thompson said he thought they 
should not separate without offering their 
thanks to the judges. He considered those 
gentlemen were entitled to approbation both 
for the principle they had acted on in the de- 
cisions arrived at and the particular rewards 
bestowed. It had been said that prizes should 
only be given for excellent performance. He 
begged respectfully to differ from that view. 
Just let them see what there was in the case. 
When Dr. Hook first applied the pendulum 
spring to watches it was expected they would 
go so well that the longitude might be ascer- 
tained from timekeepers, but it was not so ; 
and Harrison long afterwards, in consequence 
of his inventing the chronometer escapement 
and the maintaining power to the fusee, re- 
ceived the prize of £20,000 offered for a time- 
keeper which would not vary more than two 
minutes — equal to half a degree of longitude 
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tiring a voyage from England to the West 
adies, then usnally occupying a period of 
bout six weeks ; but just notice the improre- 
ient« since Harrison's time in the perfor- 
lance of chronometers. For many years 
overnment gave yearly prizes to the makers 
r the best chronometers after trial at Green- 
ich Observatory, and during later years the 
mditions for their performance were not that 
le variation might be minutes in a few weeks 
at a few seconds only during many months, 
►r instance, to obtain the first prize of £;^00, 
was required that the rate of variation 
iing taken for the first month of trial there 
lould not during the succeeding eleven 
Lonths be a variation exceeding three seconds, 
ad the first prize was won over and over 
gain until Government declined to give 
arther prizes, believing the fact of excellent 
•erformance was settled, and that the honour- 
ible competition of the makers of timekeepers 
Tould ensure the production of first-rate 
-hronometers for the use of mariners, and, 
lierefore, he ventured to say that so far as 
>erformance was concerned, their trade was 
learly a perfect one, and thus it was necessary 
kat prizes should be offered for such excellent 
orkmanship of parts as had been given that 
*ening. He therefore, with great pleasure, 
OTed a vote of thanks to the judges. 
Mr. Denison said he had great pleasure in 
Bonding the vote of thanks to the Judges, 
^twithstanding his previous remarks on the 
^tiire of the prizes, he had no doubt the 
dges had done the best within the lines laid 
►Wn for them. Probably no one in the room 
ui such means of estimating the difficulty of 
leir task as himself; for he had been one of 
^e judges who had to award the Horological 
rizes in the 1851 Exhibition. He was quite 
s^are that they had not then satisfied the 
xhibitors, and he had certainly not satisfied 
imself, for the same reason which he had 
;ivcn before, viz : that the only real test of 
5ood watch-making is trying how the watch 
^ go. He was much struck with what Sir 
'. Bennett had told them of the effect produced 
on his mind by the Swiss watches in that 
Exhibition. He had himself no idea before 
t^en of the excellence of some of the foreign 
patches : he had been under the impression 
^t its only quality was cheapness. Sir J. 
Bennett knew far more of their trade, of 
course, than ho did, and his remarks upon its 
pPospects were the most important they had 
^^ri this evening ; and if they did not agree 
^ith what the President himself had said, 
% would probably think Sir J. Bennett's 
statements about the position of the English 
'^e in relation to their foreign competitors 
rorth very serious consideration. There was 



only one other point on which he must say one 
word, viz., Mr. Thompson's astounding state- 
ment that the chronometer was perfect. He 
could not understand an instrument being 
called perfect so long as the best that could 
be said for it is that it sometimes has very 
small errors. He never met with a horologist 
of any class who did not admit that the best 
chronometers cannot be made equal to the 
best clocks, though every now and then a 
single chronometer goes for a certain time 
with a wonderfully small error of rate. Had 
they not all been reading in the newspapers 
during the last year that one of the great 
difficulties in solving what had been truly 
called *' the noblest problem of Astronomy," 
finding the distances and mass of the sun and 
all the planets by the transit of Venus next 
December, was the difficulty of being certain 
of the longitude and the local time at the 
places of observation? If the chronometer 
were perfect that difficulty would have 
vanished. At this hour however, he would 
say no more than warn them against living in 
the fool's paradise of believing that their work 
was perfect, or that the English clock and 
watch trade is in a safe state. 

The resolution was also carried unanimously, 
and, having been acknowledged by Mr. V. 
KuLLBEBO on behalf of the jurors, the pro- 
ceedings terminated. 



We learn with regret that the American 
Horological Journal has ceased to exist. Much 
valuable information is contained in the four 
volumes constituting its life, for which watch- 
makers on both sides of the Atlantic are 
indebted to the enterprise of Mr. Miller. Even 
were Horological literature more abundant, 
we could ill spare a magazine so useful as the 
American Horological Journal. 

In 1605 a clock was put up in the cathedral 
at Frankfort. It consisted of three parts or 
divisions ; in the lowest, which looked like 
a calendar, were several circles, the first of 
which showed the days and months ; the 
second the golden number, with the age and 
change of the moon ; and the third the 
dominical letter. The fourth and fifth circles 
represented the ancient Roman calendar. On 
the sixth were the names of the apostles and 
martyrs, the length of the days and nights, 
and the entrance of the sun into the twelve 
signs of the zodiac. The seventh and eighth 
circles exhibited the hours and minutes when 
the sun rose and set. In another circle the 
divisions of the twelve signs of the zodiac, the 
four seasons, and the twelve months were 
marked. A circle in the centre showed the 
moveable feasts. 



THE HOROLOOICAL JOUBNAL. 



[Jul., UU 



A NEW IMPBOVED MEEClIRIAl PENDULUM. 
At p. 119, Vol. XIV wo reproduttd I'rom tlip I 
American Eorohgicai Journal a treatise upon | 
O new improved Mercurial P^indulum, by 
iloritz Grossraann, and a criticiam by ' Clydu' 
"was inserted at p. 139 of tho same volume. 
Our attention has been called to tlio fact tbat 
D full replj to " Clyde" followed at the time 
in the American Journal which in justice to 
'Mt. Gioasmann aud to complete this interesting 
subject we subjoin : — 

" You have been kind enough to mention to 
your readers the reasons that made me rather 
Blow ip my correiipondence, and I am very 
much obliged to you for doing so, as ray 
Bilence with respect to " Clyde's " remarks in 
So, 2, Vol. II., of tho /ournal, on my sug- 
gestions referring to improvements in the 
mercury pendulum, might hare been inter- 
preted as indifference to the snbject spoken of, 
or to the public spoken to. I wish to uphold 
my opinion on tho matter, as expressed in the 
June issue of your journal, and to give the 
reasons why I think it correct ; but before 
entering into " Clyde's " remarks, allow me 
to refer to a previous correspondence of the 
same author, Vol. I., No. •!(). Tor greater 
completeness, and in the interest of those 
readers who have not this number within 
their reach, I beg to repent tho article in 
question : 

" For several years past I have been engaged 
in investigating all the questions that are 
involved in tho pondulnm as applied to the 
meusureraent of time, ami all concerning the 
Ijeautilul natural laws that govern the vibra- 
tions of tho simple pendulum, and llic more 
complex and incongruous questions involved 
In constructing the compound pendulum, and 
the numerous methods of compensating it. 

The object of the present communication is 
to point out a fact, in connection with tho 
mercurial pendulum, that appeal^ to mo to be 
a contradiction between the relative differences 
in tho espansion of mercury and steel, as is 
accepted by the trade all over the world, and 
the amount of mercury used in the ordinary 
class of pendulums, whether tlie mercury he 
contained in one large jar or a number of 
fraallcr ones. All authorities agree that the 
linear expansion of mercury contained in a 
Tcssel about two inches in diameter is Hve 
and a large fraction times greater than steel. 
Heid, in his ' Treatise on Clockwork,' makes 
it not quite 5.75, while on the authority of 
Charles Frodsliam its greatest expansion 
eury <me-1taif of what it has been by altered 
under the some circumstances is S.81 times 
greater than tiio same higth of iteel that 
tinull}' ooffljtMM the rod< 



" Having cited these authorities, which ste 
sufficient for the present purpose, let us sap- 
pose that forty-two inches of steel is the 
amount to be compensated (it is usually more), 
and, for simplicity, let us assoine that mer- 
cury expands six times more than steel; in 
round numbers seven inches of mercury wonld 
compensate forty-two inchca of steel. That 
is to say, by an excess of lieat tho rod hu 
been lengthened, and tho bottom of the jsr 
let down, say one inch, while the same heat 
has caused the top of tho mercury to rise ow 
inch also, imd the reverse action would be 
produced by cold. But it is plain that Hie 
centre of oscillation being at a point a liltls 
above tho centre of the moi-cury, this point his 
only been altered by tho action of the ma- 
the action of the steel ; or, in other words, 
while the heat has lengthened the rod and lot 
down the whole seven inehcs of mercury that 
constitute the bob, only one-half of it lisft 
up to compensate for letting down tho whole 

" In these approximations I take no acconnl 
of the weight of steel or other materia! th.it 
constitute the jar, rod, etc., or the shape or 
expansion of the jar, nor the effc^ct of heat or 
cold on the pendulum spring ; all these com- 
bined have a tendency to considerably in creii«' 
the seven inches of mercury that I hin 
assnmod ; neither do I tokc into account tbi' 
effect of the various oscapementa on tk 
vibrations of the pendulum, but mast be 
understood to be arguing shout compensating 
a free pendulum, independent of the Tarjinp 
forces of any mechanism that impels it. And 
I would solicit tho opinion of your readers in 
America or Europe on the subject," 

IVlicn reading this I was rather surpriKil 
to see how a person, who had evidently been 
seriously reflecting on the subject, could havi' 
got into so strange an error ; and I woala 
have written immcdiatclj; to explain (lie 
matter, had I not thought it very likely ttrt 
one of your American readers might do th* 
same thing, and it have been published bcfow 
my letter could have reached you. This ex- 
pectation, howevci, has not been fulfilled; otA 
since I am obliged to speak of the mercnrT 
pendulum again in answer to " Clyde," 1 
think it right to give him at once the expU- 
nation he has asked for. 

I liave HIed's Treatise at hand, and there 
are different statements iu it relating to the 
expansive ratio of niorciuy a» compared with 
that of steel. On page 350 he Bays: "The 
expansion of mercury is said to be fittero 
times than of iron," On page 3i4 ho gives 
Berthoud'a Table, in which the expansion of 
toft steel is 6B, end that of mercury 123St 
eras 1 to 17.9. Pag« 8SS itatei, accordini 
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to De Luc, the two expansive ratios to be 0112 idea of the expansive ratio of mercury, it is 



and 1835; eras 1 to 16.56. On page 361 ho 
says: ** Philosophers seem not to be agreed 
respecting the expansion of mercury, in com- 
parison with that of other metals, some 
making it 1*5, others 16 times greater than 
steel." Immediately afterwards Kied tries 
to draw a conclusion about the expansion of 
mercury from the ultimate effect of the mer- 
cury in Graham's pendulum; certainly an 
unfortunate idea, since he leaves out of his 
calculation that only the half of the mercury 
column can come into consideration for raising 
the centre of oscillation, to say nothing of the 
corrections for the gravity of the jar and rod, 



the thermometer, for its reading is a direct 
measuring of dilatation ; but the steady rate 
of a mercury pendulum is of a vastly different 
nature, and hence the mistake of Ried, which 
** Clyde " has adopted. I come now to 
answer *' Clyde's" criticism concerning the 
improvements in mercury pendulums proposed 
by me in No. 1, Vol. II., of the Journal. 

In the first place, ** Clyde" objects to the 
statement that in artificially heated rooms a 
difference of temperature like 3*^ R. could 
exist within the limits of a seconds pendu- 
lum's length. To support my statement, I 
refer to the universally acknowledged laws of 



and for the expansion of the jar, all of which i nature ; but " Clyde " does not deny them, 
unite to diminish this ultimate effect. By he only thinks their influence of much less 
these omissions he finds that it appears that importance than what I quoted. I certainly 
tlie expansion of mercury is not quite 5.75 do not wish ** Clyde " or any of your readers 
times that of steel. ** Clyde's" remarks show j to place my own experiences higher than what 
sufficiently that he is quite aware of all the he sees with his own eyes, but the above 



above-mentioned circumstances, and therefore 
it is strange to see him quote this erroneous* 



statement has been made long before me, by 
several persons who are considered standard 



statement of Ried, without any consideration ' authorities in the scientific world. I have 
of the proceeding by which this latter came before me a memoir of Mr. Kessels, of Altona, 
to that opinion. published in an astronomical annual, the 

Ried's excellent treatise was written at a editor of which was the celebrated Schuma- 
period when natural science was not so much ^her, of Altona, one of the greatest astrono- 
dcveloped as now, and in all such matters it ^ers of our century, stating, on the ground 
would be more advisable to quote authorities | of repeated experiments, the difference spoken 
of more recent date. I do not know what ' of to be 3° and even 4° R. This memoir is 
Frodsham says, but if he makes the linear -vvritten in French, and is very interesting, 
expansion of mercury 5.81 times that of steel, ^nd if you should think it useful, I would 
a man of his qualification can only have ' y^\W:^ pleasure translate it for the Journai. 
meant it under the afore-mentioncd suppo- jf ^he experiments made in the United 
sitions ; but then, of course, he has used an states do not lead to the same observations, 
incorrect expression. There are modem autho- j j think the mode of heating the rooms there 
rities enough who corroborate the figures ^^y, to some extent, account for it. In 
first quoted by Ried, and they aU agree more Germany all rooms are heated with stoves, 
or less exactly with the tables of Lavoisier and ^hich is indeed very different from the open 
Laplace, who give the expansion of soft steel f^j-e jmd the hot-air pipes in use in your 
as 0.001079, and that of mercury 0.018018; country. Besides, so far as I know, the 
or nearly 1 to 16.7. These figures have to be rooms in your country are on a general aver- 
corrected, when constructing a pendulum, ^gg higher than ours. 

according to the dilatation of the jar ; and the | rphe length of my pendulum is no mistake, 
expansive ratio of mercury in a ^lass jar will ^s '• Clyde " supposes. 

be 0.016348, and in an iron jar, 0.015598. i Further, my opponent admits that there ia 
In the first case, taking the expansion of steel apparently something plausible in the theory 
as a unit, we obtain 15.15 to be that of mer- ^f making the compensating parts of the 
cury, while in the other case it is only 14.46. g^me thickness: but, at the same time, he 



These proportions found by Lavoisier and 
Laplace are generally acceptea in the scientific 
world, and serve especially as a base for the 
correction of the barometer readings in diffe- 
rent temperatures. If any scientific instru- 
ment can be considered as giving a correct 



* Bled' 8 •tatement would be quite correct, indeed, 
if he had called it the ultimate effect of the mercury 
in a pendulum of the dimensions and materials as 
he dMcribes it, instead of the expansive ratio of 
mMearj as compared to that of steel. 



declares it a fallacy to do so in practice. He 
comes to the conclusion that the mercury of 
the Graham pendulum is acted upon even 
quicker than the thin steel rod, in consequence 
of the supposed greater susceptibility of the 
mercury ; and he accounts, by this hypothesis, 
for the paradox mentioned by him in his arti- 
cle in No. 10, Vol. I. 

Next to this, he finds I have forgotten the 
difference between the mercury pendulum 
and the gridiron one, arising from the circum- 
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stance that in the former the ball (mercury) 
increases and diminishes in length, while in 
the latter the entire ball is raised and lowered. 
According to my opinion, this difference is 
not of so much consequence, for in both cases 
the ultimate effect is to raise and lower the 
centre of oscillation. 

The comparison of the small sliding weight 
serving to regulate a pendulum does not well 
apply to the circumstances in contemplation. 
It is true that any alteration of the place of 
that weight, either up or down the rod, will 
influence the rate in a different way, when 
this weight is over or under the centre of os- 
cillation. But suppose the jars of my pendu- 
lum to reach from the bottom to the top of 
the pendulum ; will not the centre of oscilla- 
tion be in the middle of its length then ? and 
will it not remain there if the compensation 
is correctly calculated? It is always the 
centre of the mercury column which must be 
considered, and not the top of it, if we speak 
of the compensating effect, 

** Clyde " further finds that the mercurial 
pendulum with a glass rod comes nearest to 
the theoretical pendulum — '* a heavy point 
suspended by an immaterial line ; " and he 
finds this a virtue. I am also inclined to pre- 
fer simplicity, but it seems to me that any 
attempt to invent a compensating pendulum 
would be useless, if no allowance on this 
point could be granted. A gridiron pendulum 
with nine brass and steel rods is at least as 
far from the ideal as the one proposed by 
me. 

Thirdly, ** Clyde" refutes my claims as to 
the reduction of the resistance of the air to 
the least amount. I will not contradict 
Galileo's theory, but I fancy the situation of 
a body falling from the top of the Leaning 
Tower, in the open air, is somewhat different 
from that of a pendulum bob vibrating through 
the narrow enclosure of a clock-case, though 
I willingly admit that both these movements 
are emanations of the same source of gra- 
vity. 

It is a grave error of '* Clyde,** after calcu- 
lating that my mercury jars have a total sur- 
face of 160 square inches, and Graham's jar 
only 43.4 square inches, in stating the resist- 
ance to the motion of bodies to a fluid medium 
is in the ratio of their surface. It has always 
been admitted as an undeniable fact, that the 
shape of the bodies is in an essential relation 
to this resistance. If this axiom was not ac- 
knowledged, I should conclude that a ball in- 
stead of a lens would be the best form for a 
pendulum bob, since the ball encloses the 
greatest amount of matter in the smallest 
surface. And it might also be considered im- 
material whether a lens cleaves the air with 



its edge, or whether it goes through it with 
its circular face, since the surface of the body 
remains the same in both cases, etc., etc. This 
increased surface of mercury jars in contact 
with the surrounding air is exactly what I 
aimed at for bringing the mercury to the same 
condition as the rod, in respect to its suscepti- 
bility to changes of temperature. 

I am perfectly well aware of the difficulty 
of improving an instrument so perfect as 
Graham's pendulum, but this difficulty ought 
not to be for all time a barrier to any attempt 
at improvement ; and if ** Clyde " persists in 
thinking my arguments erroneous, I hope he 
will do me the justice to acknowledge that I 
did not think superficially about this matter, 
as he gives me to understand, much to my 
regret. 

After further reflection I have not taken out 
a patent for this pendulum ; still I can not, 
with the best of my ability, see the proposed 
analogy between a patent pendulum and 
patent medicine. However, this matter is 
rather out of connection with the scientific 
part of the subject ; and if I could hope to get 
a little nearer in accordance with ** Clyde*' 
on the pendulum itself, his dissenting opinion 
on the patent matter would not cast much 
shadow on the esteem I always feel for those 
who zealously study the theoretical part of 
their calling. 



M. GROSSMANN. 



Glashiitte, Saxony. 



In June, 1826, a discovery was made of the 
chef dosuvre of Tompion, which had been so 
long lost. It was made for the Society of 
Philosophical Transactions, and was a year- 
going clock. A record exists which states 
that Tompion was at work on this clock when 
the great plague broke out in London, and on 
the day that he finished it he was attacked by 
the pestilence. His friends removed Mm to 
the Continent, where he died. On the dial 
was this inscription : — " Sir James Moore 
caused this movement to be made with great 
care, anno domini 1676, by Thomas Tom- 
pion." Tompion was paid one hundred 
guineas, and the clock was removed to the 
society's house, and there in the confusion 
of the moment it was placed in the lumber 
room, where it lay without a case exactly a 
century and a half. One thing wonderful 
attended this discovery, namely, that all the 
steel pins on being cleared from dust were 
found to be as brilliant as ever they had 
been. 
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^tfkjfi to lhi[ (gditor. 



All lettera to be addressed to the Editor, at tho 
Insiitate, 35, Northampton Square, E.C. 



Sib, — It is always a pleasure to read Mr. 
Grossmann's letters, for, while upholding his 
own opinions, he never says anything dis- 
paraging to his opponent; and, if he is wrong, 
and it is clearly pointed out to him, he admits 
his error at once, and renders any discussion, 
in which he takes part, alike creditable to 
himself and instructive to his readers, I 
therfore beg to submit the following remarks 
upon his letter in the Journal for December, 

in which, after admitting his error in measuring 
the impulse angles of equi-distant locking 
pallets from the tangents, states that in 
circular pallets the error is so small as to be 
of no consequence. In this he is wrong ; for 
on calculating the angular distance from the 
tangents of the locking and delivery comers 
of the pallets when on the periphery of the 
wheel. I find the outer corners 19' 41" and 
the inner comers 26' 44'' within the tangents, 
and as the error is double the above, we have 
1^ 30'— 39' 22"=o0' 38" as the locking angle 
of the first pallet, and V 30'— 53' 28"=36' 32" 
as that of second pallet. I need scarcely say 
that the lockings would thus be quite unsafe ; 
in fact, 1^ 30' is a shallow locking. 

I would here remark that I think it is 
much better and a simpler method of drawing 
circular pallets to draw chords through the 
locking and delivery points in the periphery 
of the wheel on both sides, and produce them 
till they cross each other and the line of 
centres, the crossing point is the centre of 
the pallets, and we can measure the locking 
and impulse angles from the chords (prolonged) 
with very little trouble and no chance of error, 
and the calculations arc equally simple. 

I shall be happy to send you, Mr. Editor, 
diagrams, with explanations and the neces- 
sary calculations, if you can spare the space 
and think it desirable . Mr. Grossman' s method 
of drawing the locking faces for the ** draw '' 
angle is also wrong, but I must keep further 
remarks, with your permission, for another 
letter. 



Yours, &c., 



JOHN FEWTRELL. 



Birmingham. 



[We shall be glad to receive further communi- 
catiofBS. — Ed.] 



Sm,— -I am glad that the *' Member of the 
Horological Institute " admits that he made a 
mistake in his answer to my letter in the 
/ournal ; still he does not agi-ee with me ; 
and, in fact, he reasons in an opposite direc- 
tion from the real question. I said in my 
first letter that I did not wish to reopen the 
question, ** Going-barrel v. Fusee.*' I men- 
tioned the correct going of a going-barrel 
watch, which was in my possession at the 
time ; I sent the report of its going from the 
Observatory in Geneva to the Secretary of the 
Horological Institute, and having often had 
first-rate results from going-barrel watches, 
both of my own make and others, I must say, 
as I said before, **I cannot see any reason 
why watches should be made with fusee." 

To avoid repitition, pray don't ask " if Mr. 
Lange thinks " this or the other, and do not 
make it appear as if I by any possibility could 
have said that in watchmaking it is not neces- 
sary to attend to *' niceties in construction," 
I have not said so, and I really don't think 
that I even could dream it. 

As a ** Member of the Horological Institute" 
seems to think that a watch cannot be a good 
one without a fusee, how comes it that nearly 
all English keyless watches are made without 
fusee ? Surely some of them are good ? 

With regard to my friend, Mr. A. P. Walsh, 
I am sorry that my letter made him sad ; his 
letter makes me sadder. To think that his 
melancholy is extreme is certainly very sad, 
but if he will read my letter again, and also 
look at the report from the Observatory, I 
hope that he will soon recover his usual 
genial temper. — Yours, 

CHRISTIAN LANGE. 
99, Strand. 

[This correspondenoe must now cease. — Ed.] 



Mb. PERKINS'S LECTURE. 

Sib, — I am at a loss to understand the con 
eluding remarks in the above lecture, as I am 
credibly informed that the lecturer is not 
ignorant of the fact that a company is now in 
existence in Birmingham, which has been 
established for two years upon the system ex- 
plained by him, and employing similar, and in 
some inslances superior, machines to those des- 
cribed in the lecture. 

My object in writing is not so much to 
convict the lecturer of misrepresentation, as to 
imfoim your readers that such a company 
not only exists in England, but is in active 
operation, in proof of which I beg to subscribe 
myself 

A SHAREHOLDER. 

P.S. — I enclose my card. 
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BOARD OF TRADE RETURNS. 

PsoBABLT no statiBtics afford a enrer. indication of the nafional progress than the relative 
amonnta spent in "Wat^hea and Cloeks. A comparisos of the imports for 1873, and Ihc 
preceding two years which we sahjoin, if wo allow for ordinary fluctuations, show neither ad- 
Tance or decline. If, however, wu take into consideration the greatly increased immber 
of English watches made during the past two years, many for foreign customers, bnt a large 
proportion for the home market, wo may fairly conclude that with increased wealth, the 
people of this country are buying the more durable English work ia preference to foreign 
goods. We trust by another year to be able to sustain this welcome inference in a more 
pionoonced nuuinor. 



Month ending aist December. 


Tear ending 31st December. 


1671, ! 1872. i 1873. 


1671. 


1872. 

- 

£351,150 

373,625 
£438,110 


1873. 

£407,284 

403,183 
£425,741 


i j 
"^"B £32,957 £38,924 j £43,692 

^SS? 35,331 24,230 1 36,540 
,^„. £42,658 £34,155 £44,638 


£469,704 

325,667 
£373,572 



f » (f(IITtS|!Olld(lllii. 

J shtdl he obliged for replies to the foBoHiing\ 
queries:— Sow are the dove-tails made/or Jewel , 
slips in poteHce for lever watches? Also the, 
iwich in lever for rvby pin, how is it made ? ■ 
Any it^omtalion wiU greoily ohHge. Is the\ 
statement correct which I saw respecting inain 
sprites being graduated for English watches?, 
1 thought the Fusee iPos a substitute. Ican\ 
understand going-barrels wanting them, but not \ 
a Fasee Waich.~K. 8. i 

W. Lke. — When the miarters are dntcM 
upon more than two beUs they are said to \ 
"cJtime," aUhbugh the ivord chime originaUy' 
referred only to the machinery /or avtomaticaUy 
playing times vpon the bell. I 



SrittBh gmdojitiil Jr.Btilult. 

DIAKT at MEETINGS To» FEB., 1874. 



fl 


«,n 


Xechaical CUss. 


.1 


8.30 




1 ^ 


6.0 


Technical Class. 




80 


Ditto. 


' n 


80 


Ttchnical Class. 


' ifl 


«0 


TeohnieiJ Class. 


ii) 


HO 


Ditto. 


■2:t 


Kn 


Ditlo. 


n 


80 


Ditto. 




8.30 


Finanee Commlltee. 



It is by many writers said that the t«o 
first clocks known in England were Wctt- 
! minster clock and another at Canterbury, but 
without doubt Ibo one at St. Paul's preceded 
both of these. A new gr«at clock for Canter- 
bury is mentioned to have been put up in the 
year 1292, in the time of Henry III., and to 
have cost £30. Thus, Dart, in his "History 
of Canterbury Cathedral," has given, . bom i 
manuscript in the Cotton Library, the follow- 
ingextractr — "Anno 1292, XovinmorologinBi 
magnum in ecclesia (Cantuaricnsi), pretinn 
£30." — For a new large clock for the ehurch 
(of Canterbury) the sum of £30. 

Etkltb, in his "Memoirs," nnder date 
1645, records thnt while he was at Venice he 
went " thro' an arch into the famous PiasH 
of St. Marc. Over this porch stands that 
admirable clock, celebrated next to that tt 
Strosburg for it« many movements ; amongst 
which, about 1 2 and 6, which are their honres 
of Ave Maria when all t^e-towne are ontlxtr 
knees, come forth the 3 Kings led by a starr, 
and passing by ye image ot Christ in his 
Mother's armes do their reverence, and enter 
into je clock by another doore. At the tq) 
of this turret another automaton strikes ye 
quarters. Au honest merchant told me that 
one day walking in the Piazza, he saw the 
fellow who kept the clock stmck with this 
hummer so forceably, as he was stooping his 
head ncere the bell to mend something amisse 
at the instant of striking, that being stnnn'd 
he reel'd ovnr the battlements und lovke 
his neck." 
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THE speech of our President at the Mansion House on Saturday, January 17th, and 
published in our last number, contains so much that is suggestive and worthy of 
consideration that we make no apology for again referring to it. Mr. Denison's strictures 
on prize essays were quite as severe as his remarks on the late exhibition, and, as in the 
former, so in the latter, the conclusions arrived at are due, for the most part, to a train 
of false reasoning, founded on a misconception. 

Our President, it would seem, has long been of opinion that prize essays are worthless ; 
that they are ^* almost synonymous with an attempt at £ner writing than the author is 
master of, containing nothing of the smallest value to mankind. What earthly use to 
anybody can there be (he asks) in encouraging young Watchmakers to waste hours in 
painfully writing in many pages what may be found in as many lines, and infinitely better 
done, in various elementary books of science or mathematics.'' 

Now, it is first to be observed that our prize essays arc not meant for mere literary 
exercises, neither are tkey supposed to be competed for by young m^n only. In issuing 
their scheme of competition, the Council appeal to the trade generally, irrespective of age 
or position, not for finer writing than the author is master of, but for a plain, practical 
statement of the means whereby certain results are obtained. Many of these results, as in 
the case of springing and timing, are not deducible from fixed, unalterable laws, and are 
therefore incapable of mathematical demonstratior. Of course it would be idle to deny 
that a knowledge of mathematics would assist a springer, in that it would enable him 
to gain certain ends, by more direct and less painful paths ; but it is equally certain that a 
masteiy of all the text books in existence would not of itself enable anyone to acquire the 
art of springing and adjusting a watch or chronometer. 

This art is only to be acquired by a long and diligent apprenticeship in the workroom, 
and not by the study of elementary books of science and mathematics. The principles of 
isochronism and adjustment have hitherto been so little known as to constitute one of 
the secrets of the trade, and young members of the trade, anxious of gaining practical 
knowledge of these subjects, have been compelled to grope very much in the dark. 
It was with the view of eliciting practical information of a kind likely to assist such 
searchers after knowledge that the Council of the Institute conceived the idea of a prize 
scheme. Having succeeded in placing before the world an essay on the lever escapement, 
by far the most exhaustive and complete of anything that has yet appeared, they hoped 
that similar success might be met with in other directions The essays on isochronism un- 
doubtedly fall short of this, but as first efforts, we hold them far from despicable, and we 
know that to some of our country members they have afforded hints and glimpses of know* 
ledge that have been eagerly welcomed. The value of prize essays in a literary sense, in 
these days when literature of a general character is so cheap and good, is much open to 
doubt. But it must be borne in mind that the literature of watchmaking has yet, for the 
most part, to be written ; and we look forward to the time when scientific education, com- 
bined with the highest degree of manual cultivation, shall give us horologists capable of 
imparting their knowledge in a clear and exhaustive manner. 

Meantime, we must be content to take the experience of those who have achieved suc- 
cess by a long course of study and experiment. It is to these men that the Council most 
earnestly appeal. It would indeed be grievous if the great amount of practical knowledge 
>08se88ed by many of our leading workmen were to perish with them. The dissemination 
>f this knowledge would be a positive step forward scarcely to be overrated. There are no 
■oyal roads to proficiency in the art and practice of watchmaking^ but let us at least mark 
he path, so that he who treads it may avoid the many pitfalls and stumbling-blocks with 
which it at present abounds. 
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THE HiaHER HOROLOaiCAL ART.* 



RULES FOR THE CONSTRUCTION OF ASTRONOMICAL, NAUTICAL, AND OTHER EXACT TIME MEASURERS 

(By urban JURGENSEN.) 



(Continued frcmi Page 3 J 

The ai'cs of oscillation would in this 
manner be only increased iV ; the larger arcs 
would then become, by means of this sup- 
posed outward motion of the watch, 187^°, 
and the smaller arcs 162^°. In tho first case 
the arcs of oscillation would be altered to the 
extent of 50° ; in the second, as the oscilla- 
tions are twice as quick, their extent would 
only be altered 25°, from which we may con- 
clude that BT INCBEASIVG THE Nin^EB OF THE 
OSCULATIONS IN A GIVEN TDIB, WHILST THEIB 
EXTENT SEKAINS THE SAME, THE INFLUENCE OF 
ANT OUTWAM) MOTION OP THE WATCH IS DIMI- 
NISHED, AND IN GENESAL THE QUICKEfi THE 
OSCILLATIONS THE LESS LIKELY ABE THEY TO BE 
DISTITBBED BY THE MOTION OF THE WATCH. 

However exact this rule may be, yet the 
number and quickness of the oscillations of 
the balance have certain limits, for experience 
has shown that very quick oscillations increase 
too much the friction of the different parts of 
the watch, and that this greatly increased 
friction soon spoils the machine. From this 
we find it is better to adopt a mean between 
the very quick and very slow oscillations, and 
that we must not make their number greater 
than is suitable to the solidity and general 
construction of tbe watch. Fortunately, ex- 
perience has taught us the rule which in this 
matter we should follow, and we can fully 
accomplish our object by causing the balance 
to oscillate not less than four, and at most 
five to six, times in a second. Five oscilla- 
tions are very well adapted for timekeepers, 
that have to be carried about, such as watches. 
Four oscillations arc more suitable for those 
which are much less disturbed — as, for in- 
stance, marine chronometers suspended in the 
ordinary way in gimbals. The extent of the 
arcs of oscillation differs according to the 
construction of the escapement with which 
the timepiece is furnished, but this is a matter 
which will be treated of further on. 

• TVantlated from the Qtrman^ by Mr, George 
Mayer, 



Fbiction of the Pivots and Means of Rebuokg 
IT to the Lowest Degree. 

Befobe I give the appropriate methods for 
reducing tho balance pivots to the lowest pos- 
sible degree it is necessary to make clear 
what we understand by the term momentuic. 
In the motion of the balance we have two 
subjects to consider ; the one is the mast, or 
the weight of the balance ; the other is its 
velocity. The mass multiplied by the square 
OF the velocity gives the momentum. This 
momentum must be as great as possible, in 
consideration of the frictional resistance of 
the pivots. It is by means of the momentam 
of the balance that the friction of the balance 
pivots is overcome. We can in two different 
ways cause the balance to have the same 
momentum — either by giving it a great weight 
and small diameter or a larger diameter and 
less weight or mass. The diameter determines 
the velocity of a point in the circumference of 
the balance, and this point would have a 
velocity twice as great as a point in the cir- 
cumference of another balance, whose diameter 
would be half the diameter of the first balance, 
and which would vibrate through the same 
number of degrees as the first one. We can 
thus express the velocity by the diameter. If 
we suppose that the weight of a balance be 16, 
and that the velocity be also 16, then we 
should have as the momentum, 1 6 x 16*=4,096. 
If we further suppose the weight of another 
balance to equal 4, and the velocity 32, we 
should then still have the same momentum, 
4x32^=4,096. We know that the friction 
is in proportion to the surface upon which a 
body moves multiplied by its mass or weight 
If we suppose that both tho large and the 
small balance oscillate through 360^, then the 
motion of the pivots in their holes would in 
each case be the same, and so far the friction 
would also be the same. It is then only the 
weight of tho balance which makes any differ- 
ence in the friction of the pivots. We have 
supposed tho weight of the large balance to 
be 4, and that of the small cue 16, and so the 
proportion of the friction of the larger balance 
to tJiat of the smaller is as 4 : 16, or 1 : 4 ; that 
is to say, the friction of the larger balance is 



.] 



THE HOROLOGICAL JOURNAL. 



99 



ess than that of the smaller, from 
36 that a balance of a large dia- 
small weight causes less friction 
jr balance of greater weight and 
neter, the momentum in each case 
ime. 

preceding it will be seen that it 
Lsablo to employ a very small 
it would be necessary to increase 
to such a considerable degree in 
ain the required momentum, and 

increase the friction to an inju- 
; ; on the other hand, it is not at 
that the balance should be so light 
mentum is obtained by means of 
inary diameter. Such a balance 
have the necessary stability, and 
more like a fan acting upon the 
le regulator of a timepiece. Between 
ictremes there is a mean, the just- 
ch is proved by experiment, and 
he dimensions of the balances of 
:eepers whose performance is the 
G an easy and certain guide, 
iter or less Mction of the pivots 
ince depends not alone upon the 
16 balance, but also upon the con- 
e pivots themselves and the holes 
bey work. The thickness of the 
• hardness, polish, and length ; the 

which the holes are made ; the 

the oil which we must employ, 
)portion between the diameter of 
id the holes; all these produce more 
ion. "Whilst we are not able to 
friction of the pivots, we can at 
mch measures as will render this 
onstant and unchangeable as pos- 
»e measures are as foUows : — 

xota to be made as thin as their 
11 allow, for, as the friction of the 
1 proportion to their diameters, 
aeters produce less friction. 

ivots to be perfectly smooth, well 
ttd very hard, so that they may 
polish. 

ivots to work in jewels of the 
le, as sapphire or Oriental ruby. 

nds of the pivots to work upon 
ard stone ; and in the case of a 
nometer, or other timepiece, which 
L a horizontal position, the end of 
pivot should run upon a good flat 
lished diamond. 

dvots must have oil, in order to 
B friction and avoid wear and rust. 

:eat possible freedom of the oscil- 
he balance and constancy of the 
ich takes place, and which we 
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cannot avoid, are of the highest importance 

in a watch. Nothing conduces so much to its 

perfection as jewel holes for the pivots of the 

balance, but it is above all of importance that 

these jewel holes should be well formed, so 

that the oil can remain at the place where 

the parts rub together ; also that they should 

retain their smoothness. Fig. 14 shows a 

Hg. 14. jewel hole with its end 

piece ; a is the stone, in 

the middle of which the 

pivot hole is drilled ; this 

stone is fastened in a 

brass setting d, the stone 

a, is convex upon that 

side which is in contact 

with the end piece b, and 

this end piece is also in a 

brass setting, as is shown 

at c. The flat side of the 

Fig. 16. jewel hole is famished 

with a sink for the oil, and the hole itself is 

very short ; it is not much deeper than it is 

wide. This jhole is not quite cylindrical, but 

narrower in the middle than at each end, as 

is shown on a larger scale in Fig. 15. 

By these means the oil which has lost its 
fluidity, and the dirt which might gather at 
the holes would not be so great a hindrance, 
and the edges of the holes, being farther away, 
could not injure the pivots, as happens some- 
times when the holes are cylindrical and the 
sharp edges are but slightly rounded off. The 
upper side of the stone does not require a 
counter sink, it is all-sufficient if the edge of 
the hole is rounded off a little. The end stone 
b must nearly touch the convex side of the 
jewel hole a. Between the jewel hole and 
the end piece there must be but very little 
space. In this way the oil, which is between 
the end piece and the convex side of the jewel 
hole, will by capillary attraction be retained 
in its place ready to enter the pivot hole as 
the oil in the counter sink dries up. The oil 
has a great influence upon the regularity of 
the watch. One kind of oil will become 
thick and dry up ; another will injuriously 
act upon the metals ; and in both cases the 
effecte are bad. Attempts have been made to 
improve the oil, and I have tried a great 
number of these preparations, but the result 
is, I have come to the conclusion that pure 
natural oil, such as we obtain from very ripe 
olives by making cuts in them and without 
pressing them much, is the very be^t that can 
be employed for the purposes of horology* 
This I would recommend above all other oils^ 
but it is not easy to get. For pocket and 
marine chronometers oil is not necessary for 
the escapement, and this is a great gain, onlv 
the pivots must be careftdly oil^^ «id \i 
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those of the balance and escape wheel arc 
made very fine, and the precedini; rules are 
attended to, the action of the oil will be 
reduced, so that, even if we have not the very 
best oil, that which we are compelled to use 
will aflfect in a less degree the regular per- 
formance of the timepiece. Above all, when 
it is impossible entirely to avoid an evil a 
great deal is won if we are able to diminish 
its injurious influence. 

It is, as we have remarked, necessary that 
the balance pivots should be well finished ; 
that is, sufficiently hard and highly polished. 
The most suitable form for these pivots is that 
which we see in Fig. 16, where is shown a 
Fig. 16. portion of a balance axis end- 
ing in a pivot. The axis and 
1 the pivot are in this figure 

■ considerably enlarged, in order 

I * more clearly to show their 

■mi right shape. The pivot has 

''^^^ no shoulder, but its greatest 
I , diameter is equal to that of the 
V axis (balance staff), and it 

becomes thinner from that 
part to the point, which works in the jewel 
hole, and which is almost cylindrical. This 
pivot is not quite conical, but somewhat 
hollowed out, as is shown in the figure. If 
we finish the pivot in this manner we make 
it very strong, however fine may be the part 
which works in the jewel hole. It is of 
great importance to make the diameter of the 
pivot less than that of the hole, so that the 
oil, which sooner or later will become less 
fluid, shall not interfere with the free move- 
ment of the pivot in the jewel. The general 
rule, which has the most useful results, for the 
ratio of the diameter of the small pivots to the 
size of the holes, is, that the dllmeteb of the 

PIVOT SHOULD BE ONE-SIXTH LESS THAN THAT OF 
THE HOLE. 

When the pivots are larger, as in marine 
chronometers hung in gimbals, a play of one- 
seventh thediameter of the hole will be suffi- 
cient. 

The balance spring might interfere with the 
firee motion of the balance if it were applied 
in such a way as to press the pivots against 
the sides of the holes. In order to avoid this we 
must take care that the centres of the balance 
spring and of the balance are in exactly the 
same place, and that the balance spring when 
fastened in the stud retains its natural form, 
and neither presses to the one side or the 
other. It is only the skilful and practised 
artist that is able properly to apply a balance ' 
spring — a thing which is of the greatest 
importance — for the balance spring, as we ' 
shall presently see, may be held te be the' 
soul of the watch. ' 



Of THE Resistance of the Air. 

We have seen that in the construction of the 
pendulum diminishing the resistance of the 
air is by no means unimportant ; it must 
follow that it is of still more consequence in 
the balance ; for while this has a far higher 
velocity, it has less mass with which to over- 
come the resistance ; and, therefore, would be 
more affected by the air than the pendulum 
would be. Nevertheless, we cannot make 
this resistance of the air altogether incon- 
siderable, as the only means of doing this 
would be by giving the balance a very small 
diameter ; but we have already seen that 
reducing the diameter increases the friction, 
the effect of which is much more objection- 
able than is the resistance of the air. 

Fortunately, the density of the air'does not 
alter very much, and so cannot cause any 
remarkable irregularity in the going of the 
watch.* But as it is not for us to diminish the 
resistance of the air by reducing the diameter 
of the balance or the extent of its oscillations, 
we can do no more than give to the balance 
(the diameter and velocity of which are 
already determined) the most suitable shape, 
so that the surrounding air may affect it as 
little as possible. To do this we must make 
the arms of the balance sharp, the better to 
cut through the air. 

Further, we must make the balance ring- 
shaped, for in this way it will have the 
greatest weight or mass and the smallest 
resisting surface. Upon the same principle it 
must be made of a metal possessiig the 
greatest specific gravity. Platinum weald in 
this respect be the best ; after platinum, gold; 
and after gold, brass. As for the compensation 
balance, it suffers much more resistance from 
the air than does the ordinary balance, and it 
is just the compensation balance to which ire 
cannot devote too much care for the purpose 
of diminishing, or almost entirely obviating, 
every possible disturbing cause. All that in 
this respect we are able to do is, so to construct 
the different parts of the balance that itwiU cut 
the air with the least possible resistance. 

When the friction of the balance pivots and 
the resistance of the air are diminished as mndi 
as possible, we shall have dono a great deal 
towards perfecting the balance for the puipoee 
of measuring time ; but we yet have to deal 
with the influence of temperature — of heat 
and cold — a source of great irregularities. The 
following section will treat of iSns detrimental 
influence, as also of the methods of compen- 
sating for, or equalising it. 

* At the conolusion of this subject we ahall re- 
turn to the question of the reeistanoe of the tir to 
the balance. See also the appendix, ** On tlie acttoa 
of the air upon the balanoea of dhxonoiiietara.'* 
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NOnCE OP THE BLDEE BEE&UET. 

The following interesting notice of the cele- 
brated Breguet appeared in the Edinburgh 
Review, vol. 32, p. 370, for 1819. The book 
mentioned is entitled, ** De P Industrie Fran- 
gedse: par Monsieur Le Conwte Chaptal, An- 
den Ministre de tlnterieur, ffc'^ 

*' The mechaliical arts, which Mr. Chaptal 
mentions as haying been so much improved 
daring the last thirty years, are generally 
Importations from England. They may be 
classed under two heads — commercial and 
scientific. Among the former our spinning 
machines stand out the most prominent. 
Imong the latter the first which is men- 
tioned is watchmaking ; and the name that 
IB justly pre-eminent is Breguet. "We are 
jlad of an opportunity of doing justice to a 
jerson of such extraordinary merit. Mr. 
Breguet is unquestionably tho person of the 
>re8ent age who has had the greatest number 
>f happy inspirations on the art which he 
Miltivates. His inventions are as numerous 
IS they are brilliant, and every branch of 
Serology is rich with the traces of his inven- 
ions ; but Mr. Breguet, to his own loss and 
» the detriment of science, was placed too 
nuch within the reach of a futile market, 
irhere the profoundness and justness of his 
riews were not generally appreciated, and his 
lioughts were unconsciously thrown out of the 
ihanncl to which his own genius would have 
iirected them. The sublime art of Horology 
we conceive to be the exact measure of time 
!br the scientific and commercial purposes of 
istronomy, geography, and navigation; but 
n France the public is of another opinion, 
md the chronometrical part is neglected for 
ithers which are merely ornamental, or else 
intended as a personal convenience 9,ndijouis- 
wmce to the proprietor. Persons, for instance, 
irho, to borrow an expression from the Al- 
vianach des Ghurmajids, *se vouent d la carrier e 
iea ifuUgestions,* find as much gratification, 
irhen tossing away the sleepless hours of a 
leated night, from having a repeater by their 
)edside8, as the captain of an English man- 
)f-war might do, when tossing on the Atlantic, 
Srom being able to reckon his longitude ; and 
;he striking part of a watch, as well as that 
rhich shows the more bulky portions of time, 
he days of the week, of the month, and often 
iie month itself, is particularly well executed 
tt France. As much ingenuity may be dis- 
yldjed by the artist who gives perfection to 
iie one as to the other of these systems ; but 
nr attention to the philosophical part is a 
loiollary of the constant anxiety we show 
x>ward great enterprises, toward the promo- 
ion of usefiod knowledge, and the discoveries 
ad punoits which enlarge the views, and 



better the condition of mankind; while the 
superiority of the French in a branch of 
Horology which cannot be of the slightest 
assistance to the advancement of knowledge 
or the progress of the world, proceeds from 
their being more wrapt up in luxurious and 
selfish gratifications. With the demands of 
such customers Mr. Breguet has been too 
much forced to comply, and we cannot but 
regret that so much ingenuity should have 
been diverted from a worthier object. 

** Mr. Breguet, however, has not neglected 
astronomical clocks and watches, and the few 
which he has been called upon to make are 
admirably executed and distinguished by ori- 
ginal improvements. It is only the more 
ludicrous, however, that all the inventions for 
which Mr. Chaptal gives him credit in this 
art are things which have long been in com- 
mon use in England — the detached escape- 
ment, the cylindrical balance spring, and the 
compound balance; while he actually omits 
all notice of his many undoubted discoveries. 
Among these, and many others might have 
been quoted, arc, first, the parachtUe, to pre- 
vent the pivot of the balance from breaking, 
should the watch fall, and which is convenient 
for pocket watches; second, the tourbillm, by 
means of which the balance, beside its vibra- 
tory motion, performs a revolution upon its 
own axis in a certain time, in such a manner 
that, supposing the chronometer to be in a 
given position, each point of the balance has 
successively been uppermost at the moment 
of rest, and any inequalities in its weight, or 
defects in centering, arc compensated during 
each revolution ; third, an escapement which 
he calls natural, and which requires no oil ; 
and, fourth, a double escapement. "We can- 
not compliment Mr. Chaptal on his knowledge 
of Horology. 

**Mr. Breguet has lately executed an idea 
which is worthy of the greatness of England, 
but which he must not look to find recom- 
pensed in France. Ho has made a nuinber of 
marine timepieces on the same principles and 
of the same dimensions, in such a manner that 
the homologous parts of any one of them will 
fit into all the others. The escapement he has 
adopted is that of Earnshaw ; but it forms a 
system in itself, and, without any preparation, 
can be taken out of one watch and put into 
another by merely loosening two screws ; in- 
somuch that, should an accident happen to one, 
another can be put in its place in less than 
five minutes. The natural escapement Mr. 
Breguet has not yet made public. The double 
escapement is merely a double watch with 
two escapements and two balances to regulate 
it ; and its effects are very powexful in correct- 
ing errors. The same idea has aUo been ap- 
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plied to clocks, to which a second pendulum 
is added ; and Mr. Breguet has already col- 
lected some very interesting facts upon the 
transmission of motion by bodies which are 
themselves at rest, at least as much as human 
hands can make them. 

** No person, as might have been expected, 
is more disposed than Mr. Breguet to do jus- 
tice to the superior state of Horology in 
England ; and he accordingly preiers import- 
ing from this country the most delicate parts 
of his most precious and improved chronome- 
ters. An English artist of great merit and 
modesty (Mr. Molyneux) has, to our know- 
ledge, furnished him, within the last four 
years, with a number of escapements, com- 
pound balances, &c., which wc conceive to be 
fully equal to the demand of the French 
market. It is no disparagement to Mr. 
Breguet that he uses foreign elements in his 
machines, as his is all the merit of the adjust- 
ment and finish ; but he pays no small homage 
to this country in thus practically acknow- 
ledging our elements to be the best. 

** Mr. Breguet, who is a native of Switzer- 
land, not of France, is the only artist in that 
kingdom who can be ranked with our Arnolds, 
Eamshaws, Harolys, &c., and with the num- 
berless others who daily make the most accu- 
rate instruments for measuring time, not only 
in London, but in many other cities of the 
United Kingdom. The great profusion of 
these machines which are used in our navy, 
royal and commercial, the number of them 
that are in the hands of persons who cultivate 
science as an amusement, who honour it, and 
who are proud to be honoured by it, is per- 
haps the thing which best illustrates the vast 
pre-eminence which England enjoys by the 
joint diffusion of wealth and science among 
her enlightened population. There was a 
time when France had her Le Roys and her 
Berthouds, but we had our Harrisons, our 
EUicots, and our Mudges; and, if ever the 
former did make timepieces as well as in 
England, they never made one quarter of the 
number. We are confident that during the 
last thirty years, as well as at this moment, 
for «very chronometer that has been made in 
France, two hundred, at least of equal good- 
ness, have been manufactured in England. It 
is a very rare occurrence to find a watch of 
this description in France, except in the 
hands of an academic astronomer; and the 
ruling taste of the country is to prefer the toy 
to the msu^hine, the trinket to the instrument. 
For gilded clocks most beautifully executed, 
and at every price, and for pretty watches, 
the Freneh, as Mr. Chaptal says, have no 
competitors. * * * ♦ ♦ 

<* An instrument, which we cannot pass by 



in silence, and for which the astronomical 
world is indebted to Mr. Breguet, is the fol- 
lowing. In the focus of a celestial eye-gUs8 
two hands, like those of a wateh, are seen to 
pass, with an uninterrupted motion; wid, in 
their passage, to correspond to the divisions of 
an unmoveablc circle, seen also in the field of 
the eye-glass. The correspondence of these 
hands, with the divisions of the circle, mark 
seconds and tenths of seconds ; and, as the 
eye can follow them at the same time that it 
observes the star, which goes through the field 
of the telescope in the same diiiction, the 
duration of its passage can be determined 
with much more accuracy than by the nsnal 
method. What is further remarkable in this 
instrument is that an uninterrupted motion is 
produced by means of an escapement. One 
of the wheels which communicates motion to 
the hands has a round hole in the centre ani 
is held upon a round arbor by means of a spiral 
spring, the central point of which is fixed to 
the arbor, and the other extremity to the 
wheels. The vibrations of the balance are 
very rapid, and keep the spring in a con- 
tinual state of nearly equal tension; by means 
of which the motion proceeds without any 
visible interruption, although seen through a 
powerful lens." * * .* * . 

' * Mr. Breguet has lately established a tranrit 
instrument for better observing his chronome- 
ters. From our own personal acquaintance, 
we know of eight watchmakers in London, 
who have transit instruments — and there pro- 
bably are more." 

A PATENT has been recently obtained m 
France for obtaining alloys of iron with man- 
ganese, titanium, tungsten, silicium, &c- 
According to the Itmi^. Indusiridk scrap 
iron and iron timings and filings, or iroxi 
sponge coarsely pulverised, are mixed witb 
minerals containing the maganese, tungsten, 
titanium, or silicium, also pulverisied, in suit' 
able proportions, and moistened^ unifermlj' 
and completely with an ammoniacal or aa 
acid solution, after which the mass is com- 
pressed in moulds. Great evolution of heat 
takes place, and in a few hours a hard c^m- 
pact mass results, whichis broken into fragments 
with a sledge. These fragments do not dis- 
aggregate at the temperature of melting iron- 
They are used in a peculiarly constructed higji 
furnace, and when reduced yield excellent 
alloys. The ferro-manganese contains at 
pleasure from 20 to 75 per cent, manganese, 
and in the same way ferro-silicium containing 
22 per cent, of silicium has been obtained. 
Alloys of titanium and tungsten, or of a^ 
combined, are readily procurable. T^e tem- 
perature required is very high. 
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DELHI CLOCK TOWER. 
Tdk ilnnicipal ComiDisaioners of Dcllii liave 
ffected many improvements in that city 
he raatiaies : the streets arc now amongst 
he cleanest and best drained, and repaired, of 
my natirc city in the nppcr provinees. 

The latest improvement L* the new clock- 
tower, whiL'h Btanda in the centre of the 
Chandnee Chowt, opposite the Town Hall. 
Of this a photograph ia given in " Profcs- 
aonal Papers of Int^an Engineering."* 

This building is erected on an appropriate 
rite at the crossing of four streets, and atands 
llOFt. high, csclnsivc of the gilt vano and 
filial. The lowest storey is about 20ft. square 
eiternally. The materials used in its con- 
atniction are brick, red and yellow Bandstone, 
and white marble. The capitals surmounting 
themain corner pillars aro-4ft. 2in. wide at 
top, and 4ft. 6in, deep; tHey are curved out 
of »lid blocks of white sandstone, and each 
of them wcigha about two tons. 

The dials of the clock are sufficiently clo- 
Tatedto be visible from the East Indian Eail- 
jrny Station and from other prominent points 
m the city. The clock is constructed to work 
fifc bcU*, placed in the open canopy above it; 
tttsc give out a different peal for each riuarter, 
the largest bell striking the hours. 

The building was completed in eighteen 
Bonths, at a cost, including clock and bells, of 
"s.OOO rupees, the whole of which amount 
*M providi'd from municipal funds. 

The following was the specification for the 
tiMk and bells : — 

"The bells to be fixed above the dials, with 
» clear open spare round them, in order to lot 
out the sound. The hammers to bo very 
'•""ongly screwed to the beams of the bell- 
inmo, the largest hammer to the largest bell, 
^ to be taken that they do not touch the 
Wli Then at rest, but yet give it a good firm 
•"I' " when in action. The bell-frame to be 
'■OBitnicted as shown on plans, with a suffi- 
t'nl apace between it and the walls to afford 
"^ for the descent of the weights. 

"Trutncdiatcly below the bell, and on a level 
*iiu Uj centre of the dials, will be fixed the 
"■"1 wheel work. 

Behind each dial screwed to a shelf will he 
PiMw one of the motion works, communicat- 
^B with the bevel wheel work by a rod. 

«Wthi8wiU come the r ' '■ " 

'«<k, raised above the floor 



■mcnt of the 
I tool about 



•l' high, and connected by a rod with thi 
^T*! wheels above. Tlic single hammor-tai 



1. ?in. £dit^ by UajoT A. U. Ltug, R.E- 
B--=i Md p-"'->^-' -■ - "" „ ... . 



at one end of the clock should then be eon- 
Dccti'd ivith the largest hammer, wliieh strikes 
on the largest bell [No. 5), The hammer-tail 
at back of clock (the back of clock is where 
the pendulum swings) will bo connected with 
Ko. ■! bell; the next tail to it with Ko. 3, 
and so on. 

" The hour-striking part and the going part. 
each takes 48 turns to go for eight days, tlie 
chime part 7S turns. Double lines should bo 
used, as shown on diagram. The stritnng' 
part takes one 8-ineh weight and i shifteis, 
the going part a small weight and 2 small 
shifters, the chime part one 8-inch weight and 
9 shifters; as 75ft, cannot conveniently be 
obtained for the fall of the quarter weights, 
this part of the clock will have to be wound 
twice a week. A distance of 50ft., down 
which the going and striking weights con 
descend, will be sufficient to enable those two 
parts to perform for eight days." 



A r*TEST has been obtained by M. Pirsch- 
Baudvin for a metallic alloy, which is declared 
to resemble silver better than any other yet 
known with respect to colour, specifle gravity, 
malleability, duetibility, sound, and other 
characteristics. The now alloy is a compound 
of copper, nickel, tin, zinc, cobalt, and iron. 
The following proportions are said to produce 
a very white metal, perfectly imitating silver : 
— Copper, 71-00 parts; nickel, 16-50 parta; 
cobalt, 1-75 parts; tin, 2-50 porta; iron, 1-j1A 
parts; zinc, 700 parts. A small quantity of 
aluminium, about H P^T eent.,may be added. 
The manufacture is rather peculiar. Th« 
first step is to alloy the nickel with its own 
weight of the copper and the zinc in the 
proportion of six parts to ten of copper. The 
nickel alloy, the iron, the rest of the copper, 
the cobalt, in the form of black oxide, and 
charcoal are then placed all together in a 
plumbago crucible. This ia then covered 
over with charcoal and exposed to great heat. 
When the whole is melted the heat is allowed 
to subside, and the alloy of zinc and coppei 
is added when the temperature is just suffi- 
cient to melt it. Thi& done, the crucible is 
taken off the fire and its contents stirred with 

hazel stick ; the tin is then added, first 
being wrapped in paper, and then dropped into 
the crucible. The alloy is again stirred and 
finally poured into the moulds ; it ia now 
ready to be rolled and wrought just like 
silver. A great portion of the zinc ia 
volatilised in tlio act of fusion, so that a very 
llttlo remains in the alloy. The superiority 
of this metal is said to depend principally on 
the cobalt, to which is due its peculiar nrgen- 
tiac lustre. 
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THE "OUni ATJX B0UZIEME8." 
I have been again pondering oyer the re- 
marks madf by Mr. FroilBham, on the 
" Twelfth's Tool," (see Suro/offical Joimtai, 
Movember, 1872), the truth of ■which nre too 
eTident to admit of contradiction. Still, I 
cannot help thinking that if the tool conld be 
made to measure as correctly with the scale 
marked on a fixed arc of a circk as with the 
scale ill the instrument dcacribcd in the sketch 
IE the above number of Journal, it would be 
practically better ; because the less moveable 
pieces in a measuring tool the leas liahUity of 
error from looao joints, &c., and, besides, the 
pressure of the spring (d) on the scale e, 
liowever light when the limbs arc wide open, 
must of necessity become greater on the end 
of moveable limb when nearly or quite closed, 
and I am afraid that thb friction would inter- 
fere with the necessary delicacy of pressure 
"when measuring some slight piece of work — a 
lever escape wheel, for instance. 

I enclose a very rude sketch of a tool with 
a fixed scale, the meaaurements marked on a 
circular are, but in which, I believe, the error 
can scarcely be said to exist at all. 




quite open (jnat 60 degrees, though the angle 
is of no consequence, so that it la not too gr^t^ 
this straight line is snppoaed to be divided into 
100 equal parts, (60 such divisions are 
shown.) 

The circular scale is also divided into 100 
parts, all shown, but instead of these divisions 
being each a one-hundredth part of the whole 
arc, or, in other words, instead of dividing it 
into 100 equal parts, the divisions on the 
straight line rf e are set off on the scale each 
one from the point s as a centre. The fifty 
small arcs cutting the line d e, and reaching 
to the curved line on tho scale, will explain 
what I mean. The only error that I can ma 
that could possibly arise from the scale would 
be when a measurement happened to contain 
an odd fraction of a division (say 90^ di- 
visions), but this error, being due to the differ- 
ence between the length of the arc ' contained 
between divisions 90 and 91, and the chord of 
such arc (which is about 1 degree), would be 
so extremely small that I very much qnestioii 
whether any ordinaiy measuring tool wonM 
detect the error, I believe it Ronld be less thin 
a thousandth part of one division. 

Uy own opinion about it is that, althon^ 
not absolutely perfect in theory, it would bt 
found in practice quite as correct as the one 
pictured in the number of Journal I have re- 
ferred to. I should be sorry to say anytMn; 
disparaging of that tool, and should be %]d 
to have the opinioos (for and against) of thw 
who know more about these matters than I do. 
If the method I have tried to explain con- 
tains anything new, I think the only wonder 
about it is that it has not been thought of be- 
lt may be as well just to remark that nn- 
less tho edges of the jaws (where the actnil 
measurement is taken) are perfectly sbup 
edges, a very slight imperfection most iriWi 
in consequence of the circular motion of the 
jaws, but this applies to all tools of this d** 
alike. I have a notiou that a correction might 
he applied to remove that error, without wj 
more moveable pieces, or any great eitff 
dif&culty is the using. 



You might multiply or divide it? 
ments within reasocablo limits, and find no 
greater error than would bo likely to occur in 
the pradiad use of the other tool. 

The only part of the sketch that I beg to 
call attention to is the scale, and the method 
of dividing it ; a b c is the scale. The 
straight line from o to e is the chord of the 
TThole arc embraced by the instrument when 



J. VIRGO. 



Sundridge, Kent. 



GsEiT efforts are, says the Swiss TWfr 
being made at 'Winterthur to establish the 
maunfacture of watches. Itis estimated that, 
if snccessfnl, a sum of 300,000 francs pS 
annum will be distributed in wages, and tint 
the industry will be represented by a ywrij 
return of one millions of franca, drawn bn 
fore^ countries for tiiemannftotnrvd aitiele. 
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THE DIAMOND AND OTHER PRECIOUS STONES. 



By M. BABII^ET, of the Institute of Ybance, 
(From the '* Smithsonian Report" for 1870.) 



(Contimiedfrom Page 45.) 

lit of making diamonds has been almost 
^erly sought as that of producing gold, 
iroblems are not, however, the same in 
pie, since to make a diamond is simply 
jrstallize carbon or charcoal, while in 
cing gold the alchymists attempted to 
^ the very nature of bodies, and to make 
>f all things. Modem chemistry having 
the diamond,^ and discovered that the 
ct of its combustion is the same as that 
led by the burning of charcoal, we 
I suppose that some peculiar compound 
arcoal might be found which, submitted 
ih process as would allow the carbon to 
ite very slowly in a condition of perfect 
588, would produce regular crystalline 

• 

is thus that sugar, salt, and alum are de* 
)d when the water which held them in 
on is evaporated very slowly and in 
:t stillness. Looking at it in this light, 
is a curious substance which renders the 
iment of diamond-making a hopeful mat- 
It is not generally known that in com- 
g sulphur and carbon a colorless liquid 
duced resembling water, and containing 
'nothing but sulphur and carbon. If by 
process the sulphur could be got rid of, 
r wholly or partially, we might expect to 
he carbon deposited in the crystalline 
So far this hope has failed. Many 

plans have also failed, so that at this 
lie crystallization of charcoal is by most 
OS a thing despaired of. Despretz, a 
>er of the Institute, was, however, of a 
ent opinion. By means of the voltaic 
7 he has obtained on a thread of platina 

crystalline depositions, which, by their | 
ind hardness, seem to be really embryonic 
nds. These crystals, or rather, let us 
;heM particles of diamond dust, have 
ised in polishing hard stones, in the same 
iT as ordinary diamond powder. The 
ific question is then solved. But this 
oxiB and sagacious academician did not 
lere. He organized, as we may say, 
edi of preparations to facilitate the pre- 
ian and lud crystallization of charcoal 



under the influence of electricity, an agent 
which in the researches of man is the obedient 
servant of his will. These interesting facts 
lead us to indulge the hope that persevering 
and sagacious labor will be rewarded by suc- 
cess in the crystallization of carbon and the 
manu&cture of the diamond. Although this 
result might not be advantageous to commerce, 
it would be so to science. Nowhere does 
nature show us the diamond in the locality 
where it has been formed ; it is now only ob- 
tained from ground which has changed its 
place, so that wo get no light on the primitive 
conditions of its crystallization, a circumstance 
which seems to confirm the views of Despretz, 
which is, that igi Brazil, side by side with the 
diamond, there occurs a curious substance as 
hard as the diamond, which is called by the 
Portuguese carhonadoy and in trade at Paris 
carhom. Speaking of the mines of Brazil, 
Tennant says of it : ** There is found here a 
considerable quantity of a black substance of 
the same specific gravity as the diamond, 
laminated, or rather, composed of a succession 
of laminella generally broken into separate 
^gments. It is too imperfectly crystallized 
to be cut, though it possesses in places the 
brilliance of ihe diamond, and can be reduced 
to powder for the polishing of other stones. 
Its name, carbonado, is due to its having an 
appearance resembling charcoaL May not this 
be the same substance as that artificially. ob- 
tained by Despretz? In the age of Louis 
XIY it was thought that it was quite possi- 
ble to increase the size of diamonds by placing 
them in certain solutions, just as a piece of 
salt may be increased in size by placing it in 
a solution of the same substance. Despretz 
has, doubtless, considered the property l^t a 
crystal possesses of attracting and regularly 
arranging around itself particles of matter 
analogous to its own. At present this is the 
whole scientific condition of the subject. Let 
us wait for future developments. 

Several years ago the premature announce- 
ment of the artificial production of diamonds 
agitated all Paris. Baron Thenard, however, 
by an experimental examination reassured the 
many merchants and families who had been 
alarmed on account of the threatened depre- 
ciation of their fortunes, based on the value 
of this queen of gems. Since this time the 
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number of diamonds has increased in Franco, 
and is every day increasing, even more rapidly 
than in England, and now represents an im- 
mense capital. According to the remark of 
Archard, there is no article which, being resold, 
suffers so little loss, so little depreciation, 
while at the same time it is always in demand. 
It may almost be considered a circulating 
medium for high values. Furthermore, in the 
actual state of physics and chemistry, nothing 
warrants the fear that the artificial will ever 
compete with the natural pro<luct. The case 
is analogous to the well-known production of 
the gold pieces made by M. Sage, from gold 
extracted from the ashes of certain burned 
vegetable substances, a beautiful scientific re- 
sult, but by no means lucrative, since eveiy 
piece of 20 francs cost 125 francs in the making. 

In like manner, we may say that if the 
process were known, the artificial gem would 
cost more than its worth. 

The other precious stones have been de- 
signated " colored gems.*' In fact, their 
principal merit is the beauty of color and play 
of light which distinguish thf^m, but to this 
we may add hardness, which insures their pre- 
servation, and which is one of the most im- 
portant qualities that a precious stone can 
possess. Pliny says that in gems we see all 
the majesty of nature united in a small space, 
and that in no other of her works does she 
present anything more admirable. According 
to him, the first one who wore a precious stone 
was the Titan Prometheus. Released from 
his bonds and impressed by some ideal senti- 
ment, he inseit^d in a piece of his chain a 
fragment of the rock to which he had beea 
fastened, and thus formed a ring, which he 
ever after wore in memory of his misfortunes 
Is there not some allegorical sense in this 
story of the construction of the first ring ? 
What leads us to this supposition is the mys- 
terious personage himself who is made the 
wearer. This grand personage, Prometheus, 
the benefactor of man, who gave him fiire 
stolen from the gods, has always been vene- 
rated in antiquity for his opposition to the 
imperious domination of Jupiter. 

The ancients included also, under the name 
of gems, stones engraven either in relief or in 
intaglio, and in this form of art they have 
left us the most admirable productions that 
the imagination can conceive. Here, as in 
sculpture, the modems have neither surpassed, 
nor even attained to the perfection of, the 
works of antiquity. Engraven stones, which 
were used as seals, are now the most precious 
and valuable of relics, while they afford us 
definite mineralogiciil ideas as to the various 
kinds of ornamental stones known from the 
leanest period of history. 



Stones of color do not probably, at the pre- 
sent day, represent more than one-tenth of 
the total value of gems, while diamonds may 
be estimated as ninety per cent. Tliis was 
different among the ancients. With them the 
diamond was hardly known as an ornamental 
jewel, because it was uncut, and did not ex- 
hibit those vivid colors which now place it in 
the highest rank among precious stones. Fur- 
thermore, our system of lighting with lampg, 
gas, or candles, throws upon, all object iinU 
very unfavourable to the natural color of 
gems. Thus the garnet, turquoise, amethyst, 
and even the opal, lose much of their lustre 
in these artificial lights. When a colored 
stone is placed in the path of the solar spec- 
trum its color will vary with the portion of 
the spectrum which falls upon it, and two 
stones of the same color, but of a different 
nature, will exhibit different effects. Thus a 
paste, placed beside a fine colored stone, b^ 
trays its worthlessness. A simpler method of 
testing stones is to look at them through a bit 
of glass colored red, yellow, blue, or green. 
Every stone will exhibit under this test pro- 
perties peculiar to itself and by which its 
nature may be recognized. 

Since we have spoken of paste, I would re- 
mark that, in spite of the high price of fine 
stones, there are fewer false ones used than at 
first we should be inclined to believe. Paste, 
colored or not, is only a very fine glass, orer- 
charged with lead and enamel, analogous to 
the best quality of cutglass for table service. 
In the early times of its substitution for pre- 
cious stones it was cut very carefully ; now 
it has become common and cheap and inferior 
in workmanship. Besides, national riche0 
augmenting from day to day, and the insnffi' 
ciency of paste for beauty and duration be- 
coming more and more apparent, a greater 
expense for something of impeiishablc valn^ 
is preferred to a less price paid for Avliat i* 
really an article of no permanent worth. Vc 
are now long past the time when the Duchei^ 
of Berri, ai-riving in France, received for her 
bridal ornaments only paste, and when, ui 
order to make the I)uke of Welliiigton » 
present in diamonds of less than a miUion 
francs in value, the Paris trade was obliged to 
borrow from the ci\il list a certain number, 
guaranteeing their restitution in kind. 

Before speaking of colored stones a question 
presents itself : Can science explain the oolw- 
ing of these gems? There are, I suppose, 
few persons who do not know that the white 
light which reaches us from the sun and other 
heavenly bodies can be decomposed into a 
number of celored rays. Thus, when the 
light of the sun passes through a triangakr 
prism, it is bent, and will tarace on a white 
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card placed opposite to it an iridescent band, 

in which Newton has marked seven colors, 

according to some idea of analogy with the 

seven notes of a musical octave ; an idea which 

is,^ after all, without foundation, since every 

prism gives its own peculiar band. The idea 

was by no means new. The Greeks and 

Itomans entertained it, and Nero, who in 

dyuig pitied the world for losing so great an 

artist as himself, has sung it in verse. A 

child blowing a soap-bubble produces colors 

as splendid. In a word, every thin plate of 

any transparent substance whatever becomes 

colored under white light. Striated surfaces 

also offer effects not less brilliant ; so that, to 

clothe certain insects more vividly, nature has 

grooved the tissue that envelopes them. The 

globules of clouds between us and the moon 

produce also, with white light, the most vivid 

colors ; and, above all in beauty, the iris or 

rainbow, which the sun paints in a thousand 

colors in the drops of the falling shower, is 

the transcendent effect of decomposed light. 

Nature always, with a palette, so to speak, 

chafed only with white, knows the art of 

spreading over all her pictures the magic and 

glow of the most brilliant coloring. But we 

bve not exhausted all the resources of this 

coloring, the secret of which is the light itself. 

How shall we explain the whiteness of the 

snow, which covers our planet at either pole, 

•nd on the summits of the loftiest mountains ? 

How account for the perpetual greenness of 

countries covered with planets and trees, the 

Wue of the vast aerial sea which envelopes the 

®wth, or the color of the great ocean which 

'^ on its surface ? Here science is in de- 

«ult The cause of the color proper to bodies 

19 only half perceived ; and wo can say still 

^t which Huyghens said at the end of the 

*^teenth century, * * In spite of the labors of 

Newton, no one has yet fully discovered the 

^use of the color of bodies." We must then 

*^»upe, without penetrating their secret, the 

^paralleled red of the oriental ruby, the pure 

yellow of the topaz, the unmingled greenness 

^ the emerald, the soft blue of the sapphire, 

N the rich violet of the amethyst. This is 

^ the only thing the discovery of which we 

*iall leave to posterity. 

In the enumeration that follows we shall 
place the precious stones in the order of their 
actual value. This order varies little in 
iifflwent parts of the world. When an ex- 
raordinarjr demand, however, occurs, that 
lilies a nse in price of any particular gem, 
iiere flows into the market such an overplus 
r tlist gem that a fall in value is at once 
Saeted. This is the case at present with the 
MmtillBl Hnngariaa opal, which in the last 
II jMn has beeome abundant, the mines 



producing it being more actively worked on 
account of the high price of these stones, 
which for a while has surpassed that of the 
sapphire. The oriental ruby is, for its price 
as well as its beauty, the first in rank among 
colored stones. In order to appreciate its 
color in its finest quality wo must compare it 
with the blood as it spurts from an artery, or 
the red ray in the solar spectrum. It is the 
pure red on the painter's palette, without any 
admixture, on the one side of orange, or on 
the other of >dolet. Many of the stained- 
glass windows in our ancient churches, when 
traversed by the rays of light, give this color 
in its brilliance. The ruby is excessively hard, 
and, after the sapphire, which surpasses it a 
little in this respect, is the first of stones, al- 
ways excepting the diamond, to which there 
is nothing at all comparable. According to a 
perfectly just remark of M. Charles Achard, 
more competent than any one in France to 
give an opinion touching the trade in colored 
stones, there is a great difference between 
these and the diamond, which, from the 
minutest specimens to those of princely or 
sovereign size, have a fixed price proportioned 
to their weight, as is the case with gold and 
silver. As for rubies and other gems, the 
very small specimens have hardly any value, 
and it is only when of some weight that they 
command high prices. Rubies are, therefore, 
much used lor watch pivots, and, from their 
abunbance, are of little value ; but for a ruby 
of 5 carats double the price of a diamond of 
the same weight will be paid. If the ruby 
weighs 10 carats triple the value of a dia- 
mond of the same weight may be asked for it; 
which price would be about 20,000 to 25,000 
francs. All the world admits that a perfect 
ruby is the rarest of all the productions of 
nature. Its tint shows to the same advantage 
by day as by lamp light ; but to render the 
color more resplendent it should be placed in 
the midst of the red rays of the spectrum in 
such a manner that the rest of the colors do 
not fall very near it. The possessors of choice 
collections of stones can repeat this interest- 
ing experiment with various stones, placing 
each in that color of the spectrum which is 
analogous to that of the stone itself. It is a 
severe test for the purity of the tint ; for, if 
pure and unmixed, the stone "will appear com- 
pletely black in every other light but its own. 
Milky and turbid stones cannot bear this test. 
When Pegu was aimexed to the British East 
Indian Possessions it was thought that that 
country, so rich in rubies, would send many 
of these stones, so jealously guarded by the 
Indian princes, into the European market. 
Such has not been the case. It is not yet 
proven, however, that the ruby mia»?i«t^^roi\. 
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worked ; and this part of Asia is the least 
known of all the countries of the globe. Mer- 
chants in rubies will never cease expatiation 
on the number of tigers, lions, elephants, and 
venomous serpents, which people the forests 
and the plains of this country, which, accord- 
ing to them, is only accessible by the openings 
of the rivers from the sea. The actual state 
of the island of Borneo, as authentically given, 
seems very much to confirm these rather 
interested accounts. I do not know that the 
rajahs attach a superstitious importance to 
the possession of rubies, but it is certain that 
they never sell any of considerable weight. 
"With the Koh-i-noor, Runjeet Siugh possessed 
a no less precious ruby, which was of the 
shape of the large end of an egg that had been 
cut in two. This enormous gem made a part 
of the necklace of this prince, and was esti- 
mated by him, without any fear of finding a 
purchaser, at 12,500,000 pounds sterling — 
about as much as 300,000,000 francs. We 
know nothing of the quality or weight of this 
ruby, which has not yet been brought to 
England. The ruby is, with the sapphire, the 
zircon, and the garnet, one of the heaviest of 
stones. In water it loses only about the 
fourth of its weight. 

The Indian princes set their beautiful rubies 
in the collet of a ring, somewhat elevated, 
and surround them by several rows of small 
diamonds, so that the whole produces a kind 
of disproportionate elevation, contrary to our 
ideas of good taste, which admit but a single 
stone in a simple French setting, the stone not 
too prominent — for example, in diamonds, a 
solitaire of three or four carats. 

The composition of rubies is no less extra- 
ordinary than that of the diamond. Like the 
sapphire, the ruby is nothing more than a bit 
of crystallized eirth, colored by iron, which 
naturalists call the painter of nature. It is 
not too much to repeat the strange assertion, 
that nature has made the most precious stones 
with the most common materials ; we will say 
that this kind of earth, called aluminium or 
clay, and the white pebble or rock crystal, 
called silica, or flint, forms the base of nearly 
all gems. Opal is rock crystal with water. 
Topaz joins a little fluoric acid to silex and 
aluminium. The emerald, the crysolite, the 
aqua-marine, the tourmaline, and the eulase 
contain another element besides silex and 
aluminium, viz: glucine. Finally, garnet is 
so ferruginous that it acts on the magnetic 
needle. The zircon, a stone very little es- 
teemed in France, has for base a peculiar kind 
of earth called zircotie. 

As accessory to the ruby, we may mention 
a stone less deeply red in colour, called the 
spindle nihy. The crystalline form of this 



diflers from that of the oriental ruby, which 
is a six-sided cylinder, cut squarely at both 
ends ; while the spinelle is, like the diamond, 
a double pyramid. The name of balass ruby 
has been given to a scone of Magal, which 
several authors regard as a real oriental ruby, 
only having a less rich color. The ancients 
did not apply the name ruby to this stone. 
It is called by Pliny carhuncuk (incandescent 
of coal), and by Ovid and the poets pyrope, or 
that which has the color of fire — 

Fiammas imitante pyrope. 

With us the word carbuncle is little used ex- 
cept to describe a ruby of considerable size. 
Pliny has evidently confounded the Indian 
ruby with the garnet, which is found every- 
where. Certain rubies cut spherically— a 
form which is called cahlte spheriquef tadlow 
drop, or cabochon — present in the middle of 
their red tint a white six-rayed star, wtich 
changes with the position of the eye and 
forms in the sunlight a beautiful spectacle. 
This effect is called asterie. It is found also 
in the sapphire, a near relation of the ruby; 
like it, being composed of aluminium, and 
colored by iron, differing only in its color, 
which is blue, while that of the ruby is the 
most vivid and purest red. 

Next in rank to the ruby wo place the 
emerald f of which Pliny says no gem has a 
color so agreeable. This stone, which comes 
to us from Peru and New Grenada, is very 
soft, hardly scratching rock crystal. It is 
found in beautiful green crystals, implanted 
and produced in a kind of freestone of a 
whitish color; and we can comprehend no 
cause other than electricity for such a deposit 
as that of the emerald in the midst of a stone 
differing both in nature and in color from this 
gem. Nero, who was near-sighted, used an 
emerald, hollowed on both sides, through 
which to look at the games in the amphi- 
theatres. This was doubtless the first ap- 
proach to spectacles, since this invention does 
not date very far back. 

The emerald, like the ruby, is a six-sided 
prism and squarely cut at the ends. This 
stone is very light, losing in water more than 
one-tliird of its weight. Its tint is so lovely 
that we overlook its want of hardness, which 
might properly almost exclude it from the 
rank of distinguished gems. At the time of 
the conquest of Peru a magnificent emerald 
was sent in homage to the Pope ; and several 
years afterward the emerald mines there were 
said to be exhausted or lost. About twenty 
years ago the principal of a large establish- 
ment in Paris, M. Mention, received from 
South America some magnificent specimens, 
which quite revived the emerald trade, con- 
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inncd since without interruption by Charles 
Icharf. The deeper the hue of the emerald 
:he more it ia esteemed. It is tho lorRos^t iml 
)f thccrj-st!il that IB the most f.tronf'lv Roluml, 
rhc cmcRild loses none of its briUiance in 
irtificittl light; a valuable property_ in our 
modem socictv, whero nil great reunions are 
held at night. " Haijj' ineludcB in the emerald 
family the aqua-manne and the beryl, one of 
i greenish blue, the other yellow, but both 
being like the emerald in form and chemical 
composition. 

The emerald, as well as all stones whose 
color we wish to develop, should be cut with 
flat upper sarfaee, surrounded by retreating 
facets, contiiiTie<l all the way underneath. 
The Orientals cut them in broad, thin plates, 
which, apparently, ought to show the colors 
of the stone to the best advantage ; but the 
reflection of white light from the large upper 
surfnee becoming mingled with thnt which 
tntTcrscs the gem, rendera the hues of .the 
latter less diBcemible. This is the reason why 
thej are not cut with a table and surrounded 



cBtcemed, especially when they exhibit the 
star in a ground of deep blue. Corindons of 
all colors are susceptible of being thus 
marked. In lils voyages in Africa M. 
Abbadio wore a bluo stnrry ^qipbirr, whidi 
often commanded the respect of tim natives. 
There are stars on a r^, blue, or yeUow 
ground, according to the color of the eorindon. 
As yet, this phenomenon has never been seen 
in the white sapphire. I have just said that 
this refleetion arises from little filaments with- 
in the stone. These may result either from 
some foreign Substance or from minute hol- 
lows loft by the regular disposition of the 
particles at the moment of crystallization. 
If, instead of trying to observe these starry 
appearances by reflection, the stone is cut so 
that it can be looked through, Uien the pheno- 
menon can be easily seen. Unless the stone 
is of a veiy perfect crystallization the 
observer who takes for the point of sight a 
lighted candle, placed at a moderate distance, 
will perceive these little luminous lines of 
light crossing all the scries of filaments n 



by facets ; for thus in avoiding a large reflect- , the mineral contains. According us the atone 
ing upper surface the bIoug is made to os- has a four or six-sided form, we have a four 
hibit its fundamental color throughout its or six- rayed star, and if the filaments are all 
whole eitent. The emerald, though much in one direction wo have a lummou^i birad. 
cheaper than the beautiful ruby, is ncvorthe- j In scratching with the point of a diamond 
lew much admired and sought for. "We might | a plate of glass in various directions wo pro- 
almost call it a "stone of genL-ral aff'cction," I duce bands of light of the same number as 
so much is it esteemed by the many. | the traces upon the surface, which are always 

The sa;5iAire,whichcomeaa£tertheemerald, in a transverse dire;:tiou to ttese traces. \Vu 
is the hardest of colored stones. It maybe can oven very simply produce a star in spread- 
consideretl as a blue ruby, or the ruby as a i ing ipith the finger a fittle was or grease upon 
red sapphire. "With Haiiy and Mawe, we L plate of thin glass. It is necessary for this 
can My that aluminium is susceptible of | that the coating should be very thin so as 
crystallizing in almost all colors. The miner- merely to dull the glass, and that the finger 
alogical species to which the sapphire belongs should be moved directly across — for example, 
is called the c»n'«(i)H. After the red conrafoj, from right to loft, or from above downward; 
or oriental rvbif, comes the blue coiiiidon, or then, looking through it at a lighted candle, 
oriental sapphire. Sometimes the coritidon is there will bo seen a band of white light cross- 
of a beautiful yellow color ; then it is called i^g the direction of the lines of tarnishing. 
nriintal topaz. More rarely it is of a violet , jf the sumo operation is performed in two 
hue ; then it takes the name of orienfm nme- j directions on opposite sides of the glass, then 
fhyst. Finally, it may bo perfectly colorless, j a four-Umbed cross will bo formed by the two 
like rock crystul, when it greatly resembles luminous bonds which cross each other before 
the diamond, with which it is sometimes con- ' the eye. 

founded, but by its greater weight and its| Ceylon produces a greenish stone traversed 
doable refraction it may be easily dis- jij- filaments of white amianthus, which is 
tinguisbed. _ ' c;illed the cni's-fi/e, and which is usually cut 



By the microscope there may be discovered 
in rertain pale sapphires traces in the direc- 
tion of the faces of six-sided prisms. The 
light reflected by those internal filaments pro- 
dnces thri'C sraaii brilliant tracer trnnsver.iely 
to the fllamonts and to the luces of the prism. 
The crossing ot these little bright lines forms 
witlun. the stone a six-pointed star, which 
gjres to the stone the name of starry samhire. 
Among tlie OiientaU theae stones are highly 



spherically ond quite prominent. We ( 
in a floating band, which comes from the play 
of light on the lines of amianthus within it. 
In general with these curious accidents of 
light exhibited by exceptional stones, the 
color of the starry radiance should contrast 
ae much as possible with the tono of the 
stone itself. In simply scratching crossed 
lines on a beautiful camelian I have succeeded 
in prodacing a white oioh on. «.t:«^ ^^-is^V 
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In minerals this starry quality is very valu- 
able, because it reveals the primitive form of 
the substance in which it is found, and I 
repeat that by looking through a stone suit- 
ably cut we find these luminous transverse 
bands in a great variety of crystallized 
minerals. 

There is a very hard dust employed in the 
arts, called emery y a powder used in rubbing 
or grinding down bodies with hard surfaces. 
This substance is a species of coiindon or 
sapphire, containing a tolerably large propor- 
tion of iron, which has been substituted for 
the aluminium at the time of the formation of 
the stone. This substitution is quite common 
in chemistry and mineralogy. It is believed 
that the Chinese succeed, by patience, in cut- 
ting diamonds with emery. This must be 
very slow work, because the stone of which 
emery is composed is very much softer than 
the diamond; it is like sharpening steel by 
rubbing it on paper or linen. However, if 
patience can work miracles, it is doubtless 
reserved for the Chinese to accomplish this 
result. 

We shall place after the sapphire the opal, 
which comes from Hungary and Mexico. The 
Hungarian opals are much the superior, and 
have not the disadvantage of deteriorating 
with time. Some years ago the opal was 
higher in price than the sapphire ; but increase 
in T^ue inducing a more active working of 
the mines, the price of opals, beautiful as 
they are, fell to what we find it at present. 
For the perfection of an opal it should exhi- 
bit all the colors of the solar spectrum, dis- 
posed in small spaces, neither too large nor 
too small, and with no color predominating. 
The opal is sometimes called the harlequin, in 
allusion to the great variety of colors which 
it displays. The substance of the opal is of a 
milky hue and of a pale greenish tint. This 
milkiness is generally Imown by the term 
opalescence. It is the color of water in which 
a little soap has been dissolved. In order to 
explain the brilliant colors of the opal, we 
may imagine in the stone a great number of 
isomted fissures, of variable width, but always 
very narrow. Each fissure, according to its 
width, gives a [peculiar tint, similar to the 
effect produced by pressing two plates of glass 
together; we may recogniire violet, blue, 
indigo, red, yellow, and green, the last two 
being exhibited more rarely than the others. 

As a proof that the brilliant colors of the opal 
are due, as we have said, to narrow fissures, 
similar colors may be produced by partially 
fracturing, with the blow of a hammer or a 
wooden mallet, a cube of glass or even a rock 
crystal. Colors obtained in this way are 
known in optics by the name of colors of thin 



plates, and are of the same character as those 
of flowers, which result from the overlaying 
of the transparent tissues of which the petals 
are composed. Herein lies the secret of all 
their varied hues, from their first opening until 
their final decay. 

Sometimes the opal is colored only in its 
substance, has not so great a play of light as 
when it is variously traversed by fissures, and 
then it is not so much esteemed. Again, it 
may have extended fissures exhibiting a some- 
what changeable single color — red, blue, yel- 
low, or green. The Empress Josephine once 
paid a very high price for a pair of these 
stones, it being then the fashion to wear two 
bracelets exactly alike, and it was quite diffi- 
cult to get two stenes perfectly matehod, 
since the interior disposition of the fissures of 
the opal, which gives its peculiar play of 
color, depends entirelv upon accident. At 
present it is only the harlequin opals that are 
much valued, and those of Josephine would 
not now bring a tenth of their former cost 

Except for ear rings, the opal should be set 
singly, with or without a surrounding of small 
brilliants, whose vivid lustres and scintillations 
contrast favorably with the tints of the opal. 

The opal is not a very hard stone. In its 
chemical composition it is only hydrated 
quartz — that is, white pebble, combined with 
water. Heat, expanding its fissures, vaiics 
its colors, and pressure obviously produces the 
same effect. I have thus often changed, 
without permanent alteration, the colors of a 
beautiful Hungarian harlequin opal. 

Before the revolutionary tempest, in the 
closing years of the past century, the financier 
d'Augny possessed a harlequin opal of great 
beauty. It was a perfect oval, 21 millimeters 
long, and frx)m 15 to 16 millimeters in 
breadth. Esteemed as entirely perfect, the 
stone had a great celebrity. I do not know if 
d'Augny ran, like the senator Nonius, any 
risk of proscription during the years of tern^; 
but certainly if he did, it was not on account 
of his possession of this unparalleled opal; 
since the wretehed tyrants of '93, who sold to 
foreigners the treasures of St. Denis and of 
many other churches, for 80,000 francs, did 
not dream of opals eidiibiting all the colors of 
the rainbow. 

The opal of d* Augny, the value of which I 
have nowhere seen estimated, passed some 
time ago into the hands of Count Waliski. 
The opal of Nonius, of the size of a hazel-nut, 
which he selected from among all his treasures 
as the companion of his exile, was estimated 
at 20,000,000 sesterces, which, according to 
the exact teble of M. Bureau de la ICalle, in 
his book on the Political Ec<uiomj of the 
Romans, is about 4,000,000 francf. 
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" STOPPERS. 
stops," or " stoppers," as they arc 
are, irithont a doubt, the worst feature 
watch jobbing line. 'WTieti they are 
t they embitter the jobbi'i-'s very 
ce, ami make bis calling liatc-ful to 
A friend of mine, who hud a regular 
of them, once told me very feelingly 
B would consider himself n perfectly 
mnn if it was not for these stoppers, 
nt so far out of his way as to compose 
-eises much in dispraise of them, in 
"jobbers" rhymed in with "stoppers" 
jeantifuUy. Of all other kinds the 
Swiss liorizontal watches supply the 
afaare of stops, aad a large proportion 
i are paused by the " sticking " of the 
: Whether by means of condensed 
lOgether with atmospheric moisture, or 
ig else, the banking pin in the balance 
I stnd certainly contract in time a sticky 
,oe, which, when the balance banks 
Ightly, cansos the pin to attach itself 
atnd, and so stops the watch ; till, 
by itself after some time, or by the 
[Knng moved, it goes on again. Such 
ints as "My watch loses an hour a 
or "It stops and goes on again by 
are, in nine cases out of ten, owing to 
lae. I have frequently had to correct 
nit when the watch had jnst been 
1 by some other watchmaker, and had 
kea back several times, which proves 
Kj were not aware of its existence, 
probably spent some time uselessly in 
Dg Cor some other defect, and lost their 
er into the hargain. Jobbers ought to 
t a rule never to put a balance into its 
rithout carefully scraping pin and stud, 
nab alono, and even the use of benzine, 
' niiHclcnt to guard against this fault 
■ length of time. The contact surfaces 
in all cases be very small, and flatten- 
he sides, therefore, be carefully avoided. 
Id mention that foreign workmen are 
)t to sin against this rule, as on the Con- 
owing to the different climate, these 
tions arc less ncecasnry and habitually 

A JUBBEJt. 



A Trraliseoii fValch Work Past aitd Present 
By tho Eev. H. L, Nei.theopp, M.A.* 
FlS.A. E. & F. N. Spon, Charing-cross' 
Any effort ta awaken a proper appreciation of 
the mechanical ability represented in the 
production of watches, and to convey to tho 
general public an oecurnto knowledge of the 
principles upon which timekeepers are con- 
structed, wUl always ensure our warmest 
sympathy. A comparatively recent work, 
" CnrioBitica of Clocks and Watches," by tlio 
Eev. E. J. Wood — in which, by-the-bye, there 
is room for a better chronological arrange- 
ment — while giving a tolerably complete 
history of the progress of the Horological 
art, leaves room for a work of a more scientific 
character, having for its purpose the removal 
of that ignorance respecting the construction 
of watches, which, as Mr. Nelthropp truly 
remarks in his preface, at present generally 
exiatss. We are reluctantly compelled to con- 
fess the present work does not fulfil tho 
purpose indicated. Its arrangement is un- 
necessarily confused, and a want of clearness 
in the language renders it difBcult to under- 
stand at all times what the author really 
iut«nd,s to convey j and to make matters wor 
tho diagrams of escapements arc so bad 
drawn as to be of little assistance to the 
general reader in tracing their action. Some 
portion of the work, which appears to have 
been written for tho instruction of watch- 
makers, overstepping the scope of the work, 
defined in the preface, and, as might have 
been expected, abounding with erroneous 
notions, might with advantage be eliminated. 
Mr. Nelthropp appears to be unaware that 
classes " to instil the first principles into the 
heads of tho apprentices" are carried on at 
the British Horological Institute. We invito 
Mr. Nclthropp to study the diagrams exii- 
cuted by some of tho pupils, which ai'c, at 
the time wc write, displayed upon the walla 
of the class room, before reprodnciig upon tho 
rs of the next edition of his work tho 
abortion purporting to represent tho lever 
escapement, which is impressed upon the out- 
side of tho book before ns. 



ho Museum of the Royal United Service 
tion, Whitehall Yard, is the chronomo- 
t accompanied Captain Cook who was 
in 1779, in his vayagcs round the 
It is a most excellent time-keeper 
prevent (by. 



Two persons belonging to a neighbouring 
town, being on a iTsit at Glasgow to see the 
lions, went to the College among other places. 
On looking up to tho clock-dial they were 
astonished to obser\-e only oae hand, which 
was an hour behind, Une of them thinking 
that nothing could be wroug about the College, 
obrten'ed in a flippant, apologetic touc, "Hoot 
man, that's uaething ova; 'od, man, I've seen 
our toun clock aught riays wrung." Yorkshire 
men always speak of a clock as "she." 
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C0HUE8P0NDENCE. 

8iB, — I was surprised to learn from a letter 
in your lost ifisuc that a factory eiista in 
Birminghflia for the manufacture of watches 
hy machinery. My object in writing is to 
ask " A Shareholder" if members of the trade 
would be allowed a night of the factory at 
■work. I am sure there arc many, besides 
myself, who would gladly make a trip to 
Birmingham to be allowed the privileRC. 

Tours, &c., T. M. 



In tlie month of May a request 
ccived from Col. J. T. Walker. 
Superintendent of the Great Trigonometricul 
Survey of India, through the Chairman of the 
Committee, for provision to be made at the 
Observatory for vibrating pendulums. In the 
year 1865 two pendulums lent hy the lioyal 
Society for use in India had been vibrated at 
Kew by the late Capt. Basevi ; and it 
necessary that these pendulams ehould 
vibrated again on their return, and that at 
the same time two pendulums obtained from 
the Imperial Academy of Sciencea at 
Petersburg should also be vibrated. The 
Committee at once complied with the request; 
and at the expense of the Indian Government 
preparation, was mode for the experimCMta in 
the south haU on the basement story, by 
removing for a time the apparatus for testing 
Bextonts, and building up from the foundation- 
arches two solid isolated supports for the 
Bussian clock and pendulum. Capt. Hcavisido, 
E.E,,thc officer charged with the duty of 
making the pendulum experiments, arrived in 
England in July, and, finding all the arrange- 
ments satisfactfiry, at once commonccd hia 
experiments, which arc still in progress. 
Endeavours were made, in connexion with the 
arrangements just mentioned, to obtain an 
electrical time communication between Kew 
and the Royal Observatory at Greenwich ; but 
the proposal failed of success. — Report of Ike 
Kew OontmUteetor the Year endiiuj (Mober, 
SI, 1S7$. 



tf (([orrrsjioiidijnlH. 

,T. J. P.— ZoM will find plady of iitforvialm 
in the back volumes of the Journal 

I shall be obliged if some reafkr can teS m 
the brst method of hardening case springs, ic, 
so that they retain their toughness. — G. V. 8. 

For the irfortmiimi of "H. S," the notch in 
level- for ruby pin is maiie by means of a "Zeuer 
Notch File," procuTohk at any tool shop.— 
Pivot. 

Win some pradical waic/imaker oblige iy 
stating the best and cheapest kind of transit or 
other instrtimeni jar obtaining time by the sun, 
adaptable to a coutttry jobhr, whose time is 
very limited? — 8. L. 

D. Rkeb. — Thomas EaDisiiaw was bomd 
Ashion-under-Jjyme in 1749, and, there is M 
dottil introduced t/te spring detent without pivels 
for aetaclied escapement about 1781, alUm^ 
this substitution of a single spring Jar tin 
pivoted detent was also claimed by ArmM. 

1 have a good English Lever Watch oid^ 
lohich I can yd no regular time, it ioilt either 
gain or lose. I have had it to incces sevad 
times, but cannot JInd anything to account for 
thai irregularity, Ihavepid a new hair mrtug, 
but it IS still the same. Cctn any of fm 
readers suggest the cause f-Q. M. 

[/( IS qiiUe im^ssible to state the cause leHh- 
out an examination of ilie waUJt. Very pro- 
bably (he balance is mU of poise.'] 

At p. 127 0/ Mr. Denison's treaiise o 
" Clocks, Watches, and Bells," directions are 
given for drawing t/ie ihree-^yed gravity 
' but no Tnentimi is made of the 



proper size of the lifting ^tis, and though the 
escapentenl is mentioim in many parts of tht 
book, yet tJiis m 7Wt once referred to. CmM 
you or any one of your readers, or Mr. Dc^soa 
himself, hndly inform me whetlier their diameter 
has a7iylhing to do with the correct performance 
of tile escapemeid, and, if so, by what rtdethdr 
pro})a- diameter can be ascertained.-— J . P. 

It lias been, and stiS is, a disputed point, 
which paH of the Duplex Escapement ought, 
and which ought not, to be oiM. It is tht 
opinion of some that the perpeiidicuhr tekh if 
the escape wheel, working in conjtinction with 
the impulije paSet, ought to be , and thai the 
horizontal teeth loorUng with the ruby roller 
ought not to be oiled. No doubt much can be 
said on both sides of the question, as men oj 
good reputation in the trade differ on the si^d. 
Will you be Mnd enough to favour me loilh 
your opinion? — As Apprentice, 

lit is generaSy accepted thai only the hori- 
zoidtU teeth require oil] 
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CHAPTER III.— SECTION II. 

OfikeReqitiutob. The Ibfluence of Heatakq 

Cold uposthe Baliitce Speino, avb utox the 

Ogchxatioxs or the Bai^asce. The simple 

CoKPEiraATiOK AT THE Baukce Sppiso. 

Iir order to imderstantl the action of the com- 

pcnsatioQ at the balance Bpring it is nt'ccssary 

to be acquainted vith the uie of the T(?gulator. 

Wc know that the qoickneBs of the oscilla' 

tiona of tho balance depends upon the strength 

of tho balance apring, and that the stronger 

the spring the quicker the oaciUatioDa of the 

balance, and the weaker the spring the slower 

the balance. 

The strength of the balance spring dependt 
upon the thickness and breadth of the metal 
band from which it is made, as well as upon 
its length. When the thicknoss and breadth 
are determined, the strength will be according 
to the length, so that the strength of a balance 
spring will bo increased by shortening it ; on 
the other hand, it will become weaker by 
making it longer. In order to obtain a certain 
number of oscillaticois of tho balance we must 
ap[iljr a balance spring of suitable strength, 
which will very nearly produce the required 
number, but to bring about the highest degree 
of exactness we make use of the regulator, 
which, by lengthening or diminishing the 
outer tnm of tho balance spring, increases or 
shortens its atrength. Pig. 17 shows the 
Yig.n, balance a a, with 

its balance spring 
b, of which the 
outer turn is at- 
tached to the cock 
by the stud 0. The 
inner turn is fas- 
tened to tho axis 
of the balance by 
a collet. Upon the 

raised part e e, con- 
taining the jewel 
hole. Upon this 
the piece a m, the 
index, works with 
a alight friction, so 





that tho point m can describe the ai'c fr.im 

F to L. The opposite end (/ will then move 

in the same lino in which lies a portion oi 

the outer turn of the balance spring. Two 

screws in this raised piece e e prevent tho 

index from being lifted off, and these screws 

at tho same time hold in its place the end 

stone upon which the point of tho pivot 

works. la Fig. 18 tho cock is shown from 

below, with the balance 

(spring in that position wliicli 

it would have when attaclicd 

to the balance staff. Wo sec 

there a portion of the index 

with the two pins, mi and «, 

which' curb tho outer coil 

of tho balance spring ; this 

has but very little play 

between tho pins. Wo seo 

by Fig. 18 that by moving 

the index away frgm b, the 

acting part of the balonoo 

spring is decreased, by which 

means it becomes stronger and 

produces quicker oscillations. 

the acting part of the balance 

spring, by moving tho index towards b, the 

spring becomes weaker, and the oscillationa 

of tho balance slower. In this way, wo can, 

by means of tho index or regulator, affect 

the motion of the balance. The two pins 

the index are, os we have remarked, at 

very short distance from each other ; if 

the distance is so great that the outer turn of 

the balance spring docs not touch the pins, 

even during the most extensive oscillations of 

the balance, then it is clear that the regulator 

can have no effect upon tho spring, and that 

proportion as the pins arc closer together, 

will that effect be greater. 

If wc suppose that one of those pins is 

iveable, so that the play of the balance 

spring can be increased or diminished, it is 

easy to seo that the duration of the oseilla- 

tlons may by tliut means be influenced, and 

that they will become quicker when the pins 

approach nearer to each other; in such n 



. tht Otrman, by Mr. Gtorgt 
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is produced the simple but very ingenious 
compensation, which \re ^rill presently de- 
scribe. * 

Of the Influexce of Heat and Cold upon 
THE Oscillations of the Balance. 

The equal duration of the oscillations of a 
pendulum would be interfered with by the 
influence of heat and cold, or changes of 
temperature. To the oscillations of a balance 
this happens in a much greater degree. The 
Tariations in tho oscillations of the pendulum 
would bo caused only by the expansion or 
contraction of tho pendulum rod, but tho 
variations in tho oscillations of tho balanpo 
nro produced not only by tho expansion and 
contraction of the balance itself, but also from 
tho effect which changes of temperature have 
upon tho balance spring. Heat enlarges the 
balance and leugthens the balance spring, and 
these together make the oscillations slower, 
and cause tho watch itself to go slower or 
lose. Cold brings about tho opposite effect ; 
contracts the balauco and shortens the balance 
spring, which make the oscillations faster and 
nccelerato the going of the watch. These 
alterations are very noticeable, even in 
ordinary watches, and to such wo may with 
advantage apply tho compensation to the 
balance spring, but in niarino chronometers 
this method is insufficient, and by no means 
lU'oduces that exactness which these machines 
demand, and which is necessary for determining 
the longitude. Here we must bring about a 
complete compensation, which wo obtiiin by 
means of tho balance itself. 

Of tue simple Compensation of the 
Balance Spring. 

In onlcr to thoroughly understand tho action 
of tho compensation applied to tho balance 
spring, it is desirable to considor carefully the 
effect which heat and cold would have upon 
two plates joined toge^.her. Suppose a rod of 
brass and one of steel were placed side by side 
and firmly attached to each other by solder- 
ing ; then, if this compound bar bo submitted 
to the action of heat, both metals will expand; 
but wo know that brass expands very much 
raoro than steel, and so our compound bar 
would bend over to tho side of the steel, sup- 
posing that one end of the bar were moveable 
and the othei left free. If wo submit the bar 
to tho influence of cold, tho opposite effect 
will take place. The motion of such a bar is 
remarkable : to prove which we need only 
to hold one in the flame of a spirit lamp, and 
the bending immediately becomes very 
apparent. If wo give to our compound rod 
the form A B C Dy Fig. 19, and make the 
outsido of steel and tho inside of brass, and 




fix the end B so that it cannot move from its 
place, the part A would, by the effect of heat, 
bend towartls c, by which racuns the part D 
would get nearer to e ; but as the heat equally 
affects that portion from C to 2), the end I) 
will approach still nearer to c, so that the 
Fiff. 19. entire motion will be 

considerably more, or 
less, according to tho 
degree of tempera- 
ture to which A B 
U I) is submitted. 
The direction of Ifs 
y motion when A B 
CD is influenced by 
cold is tho opposite 
of its direction in 
tho preceding case, and D will move towards 
/, or, what is the same, will get nearer to B; 
whilst heat will drive it from B, By the 
action of heat A B C D will open, and by 
that of cold will shut. Wo know that less 
play between tho pins of the refculator will 
cause the oscillations to bo quicker, and a 
greater play will cause them to bo slower; 
therefore, if wo apply tho compensation 
AB CD to an index, so that the part B i« 
fixed by means of a screw and steady pin, and 
the part D remains free to move, it is easy to 
see that the play of tho balance spring would 
be altered accordingly as the changes of tem- 
perature altered the compensation. By means 
of heat D would get nearer the fixed pin e, 
and the balance spring would have less play. 
Tho contrary would be caused by cold, th« 
balance spring having more play. The action 
of heat upon tho balance and tho balance 
spring, which makes tho oscillations slower, 
would bo compensated by the closing of 
tho regulator. Tho action of cold, which 
makes the oscillations quicker, would in an 
equal degree be compensated, inasmuch as 
one pin would recede from the other, and 
they would thus become more open. This 
compensation works, as wo hero see, in a veiy 
simple manner, and can in every caso be 
applied with advantage where it is only a 
question of an approach to exactness, which, 
nevertheless, is much greater than we can 
expect from the ordinary watches in general 
use. 



We have been favoured by Air. M. Tanen- 
burg, the honorary secretary, Avith a copy of 
tho rules of the Leeds and District Watch- 
makers' and Jewellers' Association, having 
for its objects the promotion " of one uniform 
scale of charges lor repairs" and *• the protec- 
tion of the trade generally." Wo wish tho 
association every success, and shall always bo 
glad to receive reports of their proceedings. 
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ON BELLS, AND MODERN IMPROVEMENTS FOR CHIBIING 

AND CARILLONS. 



[A Paper read before the Members of the Society of Arts. *] 

By GEORGE LUND, Esq. 



I FEEL that some words of apology are due 
from me for presuming to read a paper before 
80 learned a society as this; but upon the 
scientific part of the question I most candidly 
admit that I am not equal to entering at pre- 
aent, being quite content to quote the opinions 
of others far more competent than I to express 
an opinion ; but I Tenture to think that upon 
the practical part of the bell question, and 
the mechanical means used for producing the 
best musical effects upon them, I may be 
heard with pleasure and interest by my 
tudience generally; and to some of my 
hearers, who, like myself, are enthusiastic in 
such matters, I may be able to impart some 
information which may prove of value in 
farthering the common object we have in view, 
the revival of the love of bell music, which, 
until within the last few years, has fallen 
considerably in public estimation, on account 
of the rude and unsatisfactory machinery used 
m its production. I propose to divide the 
■ubject of this paper into threo heads, giving, 
firstly, some information about what came 
^Uider my notice while making a hurried tour 
ttuough Belgium, the home of chimes ; then, 
•ocondly, touching briefly upon bells, their 
**»aiiafacturc and uses in our own country, 
^ come, thirdly, to the more immediate sub- 
3^t of this paper — hemispherical bells, and 
'■ciodem improvements in the machinery of 
^limes and carillons. The first town of im- 
portance on the route, via Dover, Calais, and 
^logne, is Ghent, where there are 44 bells, 
^ tune being plaved every quarter of an hour, 
puce an hour being not enough to satisfy the 
^tiMtiable desire of the Belgians for bell 
^usic. My impression on first hearing them 
^a«, that they were played, by some means, 
iood and soft, but I soon decided that that 
^uld not be without a system of dampers 
^ing used, and that I knew had not, and has 
^t yet been successfully, if at all, applied to 
wUs. It is a subject to which I intend to 
^vc attention as soon as possible, and I hope 
*ny difficulties, should dumping bo found to 
1* useful, may be overcome. I must say I 
do not believe it to be a Herculean task. We 
Jiave already sketched out a very simpls 
Bi'thod of damping by apparatus attached to 

* From tho "dodety of Arts Journal." 



the hammer, which could be easily altered to 
be worked by a pedal or by an extra key, so 
that a bell could be allowed to sound out for 
any length of time or damped instantly ; and 
I have no doubt that most intricate and 
difficult effects of melodies, with running 
accompaniments in the bass, could be played 
in this way with perfect distinctness, the 
great fault with all the Belgian music being 
its indistinctness. 

The machinery used in Ghent is on the 
same principle as in all the other towns, and is 
the same as has been used in England till 
within the last few years. A large barrel of 
cither iron or brass, with pins in it of large 
size to catch upon the ends of the levers, to 
which are attached the hammers which strike 
the bells, to raise them, and let them fall 
again immediately on the bell, is driven by a 
smaller drum and wheel, round which is 
wound the flax or iron wire rope, to which is 
attached the weight, which is the motive 
power. At Ghent the music drum is made 
of brass, with square holes punched into it, 
and in these holes iron lifting-pins are placed. 
The surface of the barrel being divided by the 
square holes into intervals for crotchets, 
quavers, and scmi-quavcrs, it is a matter of 
no great difficulty to arrange the tunes, and 
when it is desired to remove them for a change 
of tune it is easy to knock them out from the 
inside, and to put them in such other holes as 
the nature of the notes to be produced may 
require. The ropes here are of flax; the 
driving weight is SOOlbs., and is wound up 
twice a day. There arc as many as four 
hammers to some of the bells, and none have 
less than three. The brass drum is about six 
feet in diameter, and when in motion reminds 
one very much of a water wheel, so ponderous 
does all the machinery look. It was con- 
structed by Charles Nolet, a native of the 
town, and I have no doubt his fellow towns- 
men are very proud of his memory, for he 
must have been long since dead. The next 
place €71 route is Bruges, where the machinery 
is on a much larger scale than even at Ghent, 
the barrel being eight feet in diameter, 48 
bells, and as many as six hammers to some of 
the bells— 190 in all. The machinery was 
constructed by Antomusdo de Hondt, of 
Bruges, as far back as 1748, and of IqAj^^^^vc^ 
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iron wire has been substituted for flax rope. 
The weight has to be wound up every two 
hours, a man living in the tower for that pur- 
pose. The clock here is worthy of passing 
notice, being of a very large size, to carry the 
hands for tho dials, wliich are 19 feet in dia- 
meter. It has a gridiron pendulum, which is 
supposed to compensate for changes of tem- 
perature, but this it certainly does not do to 
any satisfactory extent. It strikes the hours 
at the hour and half hour, on a different bell 
at the half hour to distinguish them, and a 
tune is played at each quarter. As at Ghent 
there are small clappers fixed inside the bells, 
by which they are played upon by hand. The 
performance is done in this way : The man 
who is about to distinguish himself regularly 
prepares as for a pugilistic encounter. He 
takes off his coat, waistcoat, and hat, puts his 
long hair learnedly off his forehead and be- 
hind his ears — at lecist, the man I saw did — 
looks intently for a few moments into the 
comer of the room, puts on a regular pair of 
boxing-gloves in the greatest possible hurry, 
evidently for fear that the brilliant melody 
should escape him, sits himself down in front 
of long rows of pegs and pedals, and bangs 
away at them as hard as ever he can go, first 
up, then down, now in the middle, now both 
ends at once — and I believe the whole lot 
would have gone down at once if he could 
have managed it — legs and arms all going in 
a perfect frenzy, but, there being many more 
pegs than arms and legs, he could not manage 
more than a certain number at a time. How 
thankful the Antwerpers ought to be. Now 
for the result produced — a great deal of clat- 
ter and fatigue, but very little music. Noise 
and jingle, most lovely to those who like it ; 
but I am one of those unappreciative sort of 
people, who do not think that music consists 
in a thundering noise and clatter. Dr. Gatty, 
in his ** History of the Bell," says, upon this 
subject: — **The Carilloneur uses both hands 
and feet in executing the sprightly airs which 
charm the inhabitants of the cities of the Low 
Countries. The pedals communicate with 
the larger bells for the bass ; and tho keys 
upon which the treble notes depend are struck 
by the hand edgeways, the little finger of the 
player being defended by a thick leathern 
stall. It requires considerable strength, as 
well as celerify and skill, in the player, for, 
unless a violent blow be given to the key, 
only a weak sound would be produced ; " and 
Dr. Burney (in his ** Present State of Music 
in Germany, 1772 ") says : — *' The want of 
something to stop the vibration of each bell 
at the pleasure of the player, like the valves 
of an oi^an, is an intolerable defect to a cul- 
tirated ear, for bj the notes of one passage 



perpetually running into another everything 
is so inarticulate and confused as to occasion 
a very disagreeable jargon." He also says : — 
** The carillons are said to be originally of 
Alost, in this country '(that is, Germany), 
and are still here and in Holland in their 
greatest perfection." 

The next town I visited* where there are 
chimes was Antwerp, where there are 48 
bells. The bells are swung as well as chimed 
on by the machinery, which was made by Von 
Hoof, in 1786. The weight is wound up 
twice a day. These people seem very fond 
of winding up weights ; nothing less than 
twice a day suits them, and in one instance 
named every two hours. The next and last 
in my route was Namur, where there are 54 
bells. The machinery was made by Nolet, 
of Ghent ; of the date I have no note, but 1 
should say it was decidedly more recent than 
the machine by the same maker at his native 
town, the whole arrangement of the bells and 
hammei^s and machinery being much more 
perfect and mechanical. The music was taken 
in excellent time ; there was a distinct melody 
runing all through, with a most judiciously 
arranged accompaniment in the bass. 

There is at Louvain a large bell foundry 
where I believe nearly, if not all, the Belgian 
bells have been cast. Van Acholdt is the 
proprietor. At the time I visited him he had 
nothing particular in hand, but a few years 
ago he sent a large peal of forty-two bells to 
this country for Boston, in Lincolnshire wliicb 
are considered to be very good. The process 
of manufacture of Englii^^h bells, which I am 
now about to describe, will apply equally to 
the German bells, and I need only mention 
here that many people consider them superior 
in tone to ours. I believe that a great deal 
of this apparent superiority is due to tho 
number they use. Take them singly, and 
undoubtedly they are thin in quality of tone. 

There is a most excellent work about bells, 
edited by the Rev. H. T. EUacombe, and 
called the ** Bells of the Church," a supple- 
ment to the '^ Church Bells of Devon," and I 
was so much struck with the easily-under- 
stood description he gives there of bell found- 
ing that I think I cannot do better than give 
it in his own words. He says : — '* It will he 
interesting to the general reader if I describe 
the modem process of bell casting. This I 
am better enabled to do by taking the esta- 
blishment at Whitechapel, the oldest in London 
or in England." Before describing the pro- 
cess of casting a bell it may be well to state 
that boll-metal consists of an amalgam of 
copper and tin, in proportion of about three 
parts of copper to one of tin. There are, of 
course, various trade secrets as to the exact 
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proportions of the different metals necessary thinner, but I never saw a new one that was 
to constitute a first-rate alloy. Mr. Denison less, and had at the same time anything of the 
in his book says that, aft^r many experiments, ! soft and sweet tone which church bells ought 



he has come to the conclusion that the proper 
composition for bells is thirteen of copper to 
four of tin. 

There is no great mystery after all in the 
bell founder's art, but extreme care is neces- 
sary, in order to produce a good toned bell, 
that all the preliminary operations should be 



to have. I can only account for the old ones 
bearing to be thinner, though by no means so 
thin as many modem ones, by the well-known 
greater softness and toughness of the copper 
of old times, when they smelted less metal 
out of the ore. The small bells of a peal arc 
always rightly made thicker in proportion 



conducted with the greatest exactness. Pass- ! than the large ones, and will run up one- 

ing tlirough various yards at the Whitechanel ^ ^' /. x, ^. ^ .1 i 

Four.dry — in which are stored quantities of 

old timber, old bell-metal, and a multitude of 

odds and ends, in the shape of cannon and 

great masses of old copper, destined one day 

for the fdmace — we arrive at the moulding 

room. In describing the casting of a bell it 

will be necessary to observe that it is nothing 

more than a layer of metal which has been run 

into the space between the mould and its outer 

covering, and allowed to cool. Here we have 

a section of a bell as it lies in the pit during 

the process of casting. The various parts of 

a beU may be described as a body, or barrel ; 

the clapper, or striker, hanging on the inside ; 

and the ear, or cannon, on its top or crown, 

by which it is hung in its chosen position in 
the tower. 

The following description applies to all 
bells, large and small, the various modifications 
in the shape, &c., not interfering with the 
principle on which it is manufactured. The 
first principle to be observed is the construc- 
tion of the shape or form of the future beU, 
80 as to ensure that due harmony in all the 
parts which shall give to it the proper degree 
of tone and vibration. Various theories have 
obtained in different countries, and among the 
different founders of our own country as to 
the best proportions for bells ; but the follow- 
ing scale has been proposed and generally 
followed at this foundry as coming nearest to 
perfection. Taking the thickness of the 
sound-bow or brim — that is, the part where 
the clapper strikes — a bell should measure in 
diameter at the mouth, fifteen brims; in 
height to the shoulder, twelve brims ; and in 
width to the shoulder, seven and a-half brims, 
or half the width of the mouth. These pro- 
portions, however, are very variable; and de- 
pend greatly on the taste, experience, and 
skill of the founder, an approximation merely 
being arrived at in these figures. Mr. Denison 
says : " The most essenticd point of all to be 
a:^nded to in ordering bells is to require 



eleventh of the diameter, the large ones being 
one- thirteenth. I would here observe that 
Mr. Denison goes most minutely into the why 
aud the wherefore of the proportions of metal 
and the shape of bells ; but I have selected 
Mr. Ellacombe's description of bell founding 
because I have thought it would be more 
generally understood. To the searcher after 
information both books are invaluable, one 
treating exhaustively on the constructive part, 
and only slightly on what I may call the 
archaeological part of the question ; and the 
other exhaustively on the archaeological, and 
only slightly on the constructive. I believe 
that Mr. Denison is at issue with some of the 
bell founders about the proportions and shapes ; 
but that his theory is a right one seems 
entirely borne out by the fact that* many most 
excellent peals of bells have been constructed 
under his instructions, and that he is con- 
sulted in almost every matter of importance. 
The size and proportions, then, of the future 
bell being ascertained, the making of the 
mould is proceeded with. The outer form of 
the col*e, by which the inner shape of the bell 
is determined, is made by means of a crook, 
which is'made to revolve on the clay, &c., of 
which the mould is composed. This crook is 
a kind of double compass, the outer leg of 
which is in two parts, formed of wood and 
metal. The inner part (of metal) is cut or 
curved to the shape of the outside of the core, 
or inside of the intended bell ; and the outer 
part (of wood) to the form the outside of the 
bell is to be made. This crook and compass 
is made to move on a pivot affixed to a beam 
above, and its lower end is driven into the 
ground. In the case of very large beUs the 
mould is perfected in the pit in which they 
are to be cast. The crook is driven by the 
hand of the moulder, and the moulds being 
composed of plastic clay, &c., the form of the 
inner side of the bell is defined by a few 
revolutions of this simple machine. Thus is 
formed the core, or inner mould. The cope. 



absolutely, and in spite of all protestation of or outer mould, is formed in much the same 
the founders, that none of them when finished way, except that its inner surface is smoothed 
ure to be thinner in the sound-bow, or thickest to form the outer side of the bell. The core 
part, than one-thirteenth of the diameter." is first roughly built up of brickwork, with a 
I know that some good old bells are a little hollow in the centre. It is then plastered 
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c^er with rott clay, &c., and moulded as de- 
mm^jfA, by the action of the crook, and is after- 
wards dried by means of a fire in the hollow [ 
mentioned. When baked sufficiently hard it '. 
is covered all over with a size of tan and 
grease. Over this size a coating of hay bands 
and loam is laid, the exact thickness the bell 
U intendi-d to be made ; on this thickness the , 
outer leg of the crook — the inner leg which i 
formed the core having been removed — is made , 
to rotate, and so forms the shape of the inside 
of the cope, or outer mould. This thickening 
being thoroughly dried, upon it is formed the 
cope, or outer mould, upon the outer surface 
of which are formed ledges, by means of 
which, when dry, it is raised, and the thick- 
ening destroyed. Both are then retouched, 
any device or inscription being impressed upon 
the inside of the cope ; it is re-lowered, and 
the hollow space between the cope and core is, 
of course, the exact shape the bell is to be. 
The head and staple to hold the clapper being 
now fitted above all, the mould may be said 
to be complete. A sufficient number of 
moulds being now formed for the number of 
bells to be cast, the pit is filled in with earth, 
firmly rammed down to prevent the copes 
rising when the metal is run in. The f^- 
naces are now lighted, the metals in their 
proper proportion are melted — some times as 
much as twenty tons at a time — and from time 
to time tested, till found to be of the right 
temperature, when the furnace doors are 
opened, and the molten metal directed through 
properly constructed channels to each mould 
in succession, till the whole number of bells 
is cast. Sufficient time is allowed for cooling. 
The earth is dug away from around the 
moulds, wliich are then destroyed, the bells 
being taken to the tuning room, where they 
are tried for note ; and when tuning is neces- 
sary, which is almost always the case, the bell 
is securely fixed into a wooden frame by 
means of wedges, underneath a steam cutter, 
which cuts as much as may be required, cither 
from the inside of the bell in the region of 
the sound-bow to deepen the note, or from 
the edge of the lip to sharpen it. 

The earliest notice of a belfry and peal of 
bells is contained in the following passage : — 
Egelric, Abbot of Croyland (who died 984), in 
the time of Edgar, caused a peal of bells to 
be made for his abbey, to each of which he 
gave names, which it is needless to give here ; 
and the celebrnted ** Benedictional of St. 
Ethel wold," in the library of the Duke of 
Devonshire, furnishes us with an earlier in- 
stance of a belfry with four bells, namely, 
about the year 980. From that time to the 
present bells of all sizes, shapes, and weights 
have been cast, and I think that a few mo- ^ 



ments may not be unpleasantly spent in enu- 
merating some of the most famous. The 
largest bell in England is, as you are doubtless 
aware, ** Big Ben," the clock bell at West- 
minster ; it may not be equally well known 
that it derives its name from the fact that Sir 
Benjamin Hall was the Chief Commissioner 
of Her Majesty's Office of Works when the 
bell was first cast, and his name inscribed on 
it. It was named after him Ben, and from its 
size was naturally called big ; hence the name, 
" Big Ben." It bears this inscription : ** This 
bell, weighing 13 tons, 10 cwt., 3 qrs., 15 
lbs., was cast by George Mears, of White- 
chapel, for the clock of the Houses of Par- 
liament, under the direction of Edward Beckett 
Denison, Esq., Q.C., in the 21st year of the 
reign of Queen Victoria, and in the year of 
our Lord 1858." It was contracted for that 
the bell should bear the blow of an 8 cwt 
hanmier, but after the clock had struck on it 
for a few months cracks showed themselves, 
and upon examination it was found that the 
metal was porous, and the casting defective. 
The striking was then removed to the fourth 
quarter bell, upon which the hours were 
struck for two or three years ; but, after many 
complaints of the confrusion, the striking on 
the big bell was resumed (November, 1863) 
with a lighter hammer, the bell being turned 
a quarter round the button or mushroom head 
by which it is hung. The four quarter bells 
were cast by Messrs. Warner without any 
known defect, and are remarkably good. I 
may hero give you some information which 
may be new to you, and at the same time 
bear testimony to the remarkable time-keep- 
ing of the clock. We receive from the Eoyal 
Observatory at Greenwich by electric current 
a time signal evciy hour — and I show upon 
the table the instrument we use for registering 
it — having found it extremely inconvenient to 
be on the lookout exactly at the hour, failing 
which the signal was lost. It is the inven- 
tion of a brother of mine, improved by myself 
only to this extent, that instead of using an 
ink chronograph watch we use a stop chrono- 
graph ; and, for the information of those who 
do not know the difference between the two, 
I would say that in one the seconds hand is 
double, and that when the signal comes it 
draws the upper hand through the reservoir 
of ink in the end of the lower hand, and so 
marks the error of the watch on its dial or 
face, and that the hand is constantly moving. 
In our chronograph the hand can be started 
from zero and allowed to travel as long as 
desired, can be stopped, and again be brought 
to zero for another start, each being done by 
pressure. Having placed the hand at rest we 
put the watch into the instrument, and leave 
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it. At tho next hour the signal is sent from 
the Royal Observatory, and the hand of the 
watch is started absolutely to Greenwich 
mean time. We can then at our leisure com- 
pare our regulators. The wire through which 
our signals come is used by the Westminster 
clock once each day to transmit a register of 
its time to the Astronomer Royal at Green- 
wich, and to Mr. Dent, in the Strand. When 
we want to compare *' Big Ben" we only 
replace our watch, and let the clock signal 
(being the second pressure) stop the hand. 
Whenever it stops to the right or left of zero 
60 is it fast or slow of time. If it stops at 
zero it is, of course, correct time. It is very 
rarely indeed that we find it many seconds 
out. The next largest bell in England is 
" Peter of York," diameter 8ft. 4in., height 
7ft. 7in., weight 12 tons 10 cwt. ; the note is 
F sharp. The next great bell is the ** Mighty 
Tom" of Oxford, 7ft. 12in. in diameter, and 
weighing 7 tons 12 cwt. The note is gene- 
rally considered to be A, but, being faulty in 
some parts, the tones vary, and some say it 
gives out five notes. Rather a cheap way 
that of getting the effect of a peal of five 
bells. Three unsuccessful attempts were made 
to cast it in 1681 ; twice it wanted metal 
enough to make out the cannons, and the third 
time it burst the mould and ran into the 
ground. It was at last, can I say successfully ? 
cast, with its five notes, by a London bell 
founder, named Christopher Hodson. In 1 682 
it was moved from the Church to the Gate 
House; on the 29th of May, 1684, it first 
rang out between eight and nine at night, 
from which time to this a servant tolls it 
every night at nine, as a signal to all scholars 
to repair to their respective colleges and halls. 
There is a great bell at Lincoln Cathedral, 
weighing 5 tons 8 cwt. ; note A. This and 
the two quarter bells were cast from the old 
1610 bell, and six other bells from tho rood 
tower, called the Lady bells, by Mears, of 
London, in 1834. St. Paul's Cathedral has a 
large hour and two smaller quarter bells, 
none of them anything to boast of, in the 
south tower. There is, however, in tho north 
tower a bell which bears tho inscription : — 
''Made by PhiKp Wightman, 1700." The 
diameter is only 49^ inches, and the thickness 
3^ inches, yet the tone is most deep and 
sonorous, and I think, for its size, one of the 
most pleasing to the ear I ever heaid. Having 
had occasion to try it several times, the im- 
pression remaining of it is a most pleasing 
one, which I cannot say of the three other 
bells; the quarter bells are specially poor and 
Licking in quality) of tone. There are also 
large bells at Leeds Town Hall, St Dunstan's, 
and at. Glasgow. One of the latest additions ' 



to the large bells in England is at WorcoptiT 
Cathedral for the new clock to strike on, and 
for occasional tolling. It is liunjif on thi^ 
balance beam principle. The gudgeons or 
pivots on which the bell moves arc wefjjc- 
shaped, and roll on hand brasses, voiy sliglitly 
hollowed ; the friction is thereby so little that 
the bell can be tolled by one man with one 
hand, although it weighs four tons and a half, 
a lever being attached to the stock, instead of 
a wheel, which is necessary under some cir- 
cumstances. It was so tolled for service for 
the first time by Mr. Denison and the Rev. 
H. T. EUacombe, on Sunday, the 1 7th January, 
1869, in the company of the Rev R. Cattlcy 
and others, and it is owing to the last-named 
gentleman's indefatigable efforts that the peal 
has since been made up to thirteen bolls, and 
machinery provided to play tunes upon them. 

I may here be permitted to publicly thank 
him for his extreme courtesy to me on tho 
occasion of a visit which I lately made to 
Worcester. Anything more perfect in the 
way of general arrangement of bell framing 
to support and carry the bells, of fittings in 
the bell-ringers* floor, and evidence of heart 
and soul enthusiasm of the master mind in 
the work, from floor to roof of the tower, is 
not to be found. This is no fulsome flattery, 
but a statement of plain truth, as any person 
going there can see for themselves. The 
bells, made by Messrs. Taylor, of Lough- 
borough, are undoubtedly very fine, and the 
clock, made by Messrs. Joyce, of Whitchurch, 
is a specimen of English work of the highest 
order. The chiming machinery for the tunes 
was made by Messrs. Gillett and Bland, of 
Croydon. 

II Mr. Ellacombe's book much more and 
most interesting information will be found 
about big bells in this and other countries, 
large peals, &c., and, recommending it to your 
notice, I pass on to ** The various uses to 
which bells have been put.*' The two most 
important of these, and the only two which I 
shall speak of, are change ringing by ringers 
swinging the bells, and chiming tunes by 
machinery. Seventy or one hundred years 
ago ringing was a much more popular and 
fashionable pastime than it is now. The 
exact date is uncertain when the art of ring- 
ing a number of variations on bells was first 
practised, but probably about the commence- 
ment of the seventeenth century. Long 
before that date no doubt bells had been rung, 
but only in rounds, that is, in the same rota- 
tion each time. The earliest known record of 
a ringing society is to be found in a manu- 
script in the library of All Souls' College, 
Oxtbrd, entitled, ** Orders conceyved and 
agreed upon by the company exercising the 
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arte of ringing, knowne and called by the 
name of the SchoUers of Chepezyde, in Lon- 
don, begun and so continued from the second 
day of February, anno 1G03." This society 
appears to have existed down to 1634. Three 
years afterwards another society was formed, 
called file College Youths, records of which 
exist down to 1755. There is at the present 
time a society of the same name, which claims 
relationship, rightly or ^n^ongly it is not 
necessary here to inquire, with this ancient 
and aristocratic society. I do not suppose 
that much harm will be done, cither one way 
or the other ; it is enough for my purpose to 
say that other societies have been formed, too 
numerous to mention, that some have flou- 
rished more or less — the majority I imagine 
less — some have died Jnatural, and some un- 
natural, deaths, but still the College Youths, 
in name at least, exist. The aristocratic ele- 
ment of the society has now, however, i.iven 
way to respectable tradesmen, clerks in various 
capacities, and skilled artisans (I quote Mr. 
EUacombe's words), with a very fair sprin- 
kling of clergymen, barristers, and gentlemen 
of no occupation (but bell-ringing, I suppose). 
They, however, gave most practical proof of 
the good ringing qualities they possessed in 
1862, by ringing, on the 27th April in that 
year, a true and complete peal of cinques on 
Stedman's principle, consisting of 8,580 
changes, in a most masterly style, in six hours 
and forty-one minutes, on the noble bells. of 
St. Michaers, Comliill, being the greatest 
number of changes ever rung in that method 
on twelve bells. The number of changes 
which can be rung upon a given number of 
bells is something extraordinary, and, should 
any of my hearers care to inquire into the 
mysteries of the art, I would recommend 
them to get a book called** An Introduction 
to the Early Stages of the Art of Church or 
Handbell Ringing, for the use of Beginners," 
by Charles A. W. Troyte. He there gives as 
the number which can be rung on eight bells 
40,320; time required to ring, one day four 
hours. 

On 9 bellfl, 362,880 Time 10 days 12 hours. 

„ 10 „ 3,628,800 „ 105 days. 

„ 11 „ 39,916,800 „ 3 years 60 days. 

„ 12 „ 479,001,600 „ 37 years 366 days. 

It is a most mysterious art. I have tried 
to master its intricacies so as to be able to 
write the changes for our chiming barrels, 
but at present have made very little progress. 
The book being only an introduction and for 
the instruction of beginners, what is to follow 
must be wonderful indeed. I will read you 
just one chapter as a specimen. In chapter 4 
Mr. Troyte says : *' Having in the last chap- 
ter, I hope, explained the working of the 



Grandsire method, I now call the leamer'ft 
attention to the most beautiful of all five bell 
methods. It is beautiful in its music, and, 
once learnt, I think not much harder than 
the Grandsire method. It was invented by a 
Mr. Fabian Stedman, about the year 1640, 
and has since then become most justly popular 
among ringers. The great beauty of it no 
doubt consists in the two facts, that bflls 
come to lead at back stroke as well as at hand 
stroke, and that double dodging is alwap 
going on behind. 

ON on. 

Good oil is of such importance to horologists 
that its value cannot be over-estimated. In- 
stances sometimes occur where oil which had 
long been considered and found good faiU to 
maintain its character, and thereby tempts 
the watchmaker to try the oil of other maken, 
often with anything but satisfactory results. 
I believe that good oil has often been aban- 
doned for worse when the cause of mistrust, 
instead of being inherent in the oil, has been 
due to surrounding circumstances. 

The late Mr. Vulliamy related the case of 
GKjorge III. keeping his watches in the cedar- 
wood drawers of a cabinet made specially at 
the Royal Observatory at Kew Gudens, and 
these watches gave considerable trouble and 
dissatisfaction till the cause was found to be 
the exudation from the cedarwood box chang- 
ing the oil into a gummy mass. 

Some time ago a similar case came under 
my notice. A customer of mine, who kept 
his stock of watches in the mahogany drawers 
of his safe, had the best part of his stock fail- 
ing through sticky oil, and some that bad 
been in stock for a long time were so bad that 
the balance could not be made to vibrate with 
the usual shake ; the main spring when taken 
out of the ban^l had all the appearance of 
having been dipped into glue, and conld only 
be properly cleaned in spirits. 

Upon complaints being made in Switzerland 
about the oil the assurance was given that 
watches in the factory which had the same oil 
applied had not given any trouble, which 
made mo think that the mahogany wood of 
which the drawers were made might be the 
cause. These were, as usual, unpolished 
within and lined with velvet, and upon being 
abandoned for the reception of watehes the 
trouble about the oil ceased. 

I beg to give this little hint to watchmakers 
to be on their guard, although it is probable 
that other kinds of mahogany or other wood 
may not be found guilty; or is there reason 
to believe that the wood had not been out at 
the proper season ? 

W. G. SCHOOF. 
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ON THE PERFORMANCE OP CHRONOMETERS. 



Ix order to show what progress has been 
made in chronometers, since chronometer 
making was fairly started by its founder, 
Eamshaw, we will, below, let the readers 
of the Jouimai see the going of Eamshaw' s 
chronometers, and the gradual progress that 
has been made up to the present time, and 
the readers may after this look upon things as 
progressing most satisfactorily. The chrono- 
meters selected for this purpose arc the two 
which were tried at the Royal Obserratory 
by order of the Board of Longitude, the 
daily rates of which are published by Eam- 
shaw himself in his apx>eal for reward. 

Each trial lasted twelve months, and each 
chronometer was tried three times for twelve 
months ; at the conclusion of these trials 
Eamshaw received a reward of £3,000. In 
order to compare the going of Eamshaw' s 



chronometers with those of the present day, 
it is necessary to divide the trials into the 
same length as is now adopted at Greenwich, 
namely, twenty-nine weeks; in order to 
make each twelve months' trial represent two 
trials of the present day, twenty-nine weeks 
are reckoned from the beginning, and twenty- 
nine weeks from the end. This makes six 
modem trials for each chronometer, with half 
a year intervening between each full twelve 
months' trial. The range of temperature 
during each twenty-nine weeks is added with 
the errors as well as the trial number. The 
trial numbers of these two chronometers are 
made up in the same way as now adopted at 
Greenwich, by taking the differences between 
the highest and least rate added to the great- 
est change of weekly rate multiplied with 
two. 



Chronometer. — ^Eamshaw, No. 1. 



1798, Jan. let to July 23rd. 

lo.O highest and least. 
[^5.6 g^refttest difference from week 
to week. 

(272) trial number. 

Temperature 36* to 70\ 

Range 36". 

Chronometer.— Eanuhaw, No. 1. 



// 



1800, April 3rd to Oct. 16th. 



10.2 hiffheet and least. 
6.2 greatest difference from week 
to week. 

(204) trial number. 
Temperature 46" to 7l^ 
Range 2 6°. 

Chronometer.— Kamahftw, No. 2. 



1798, Jan. let to July 16th. 

15.0 highest and least. 
6.3 greatest difference from week 
to week. 

(266) trial number. 
Temperature 36" to 70". 

Range 85". 



Chronosneter.— Eamibaw, No. 2. 



Chronometer.— Eamshaw, No. 1. 



II 



1798, June 11th to Dec. 24th. 



9.7 highest and least. 
7.6 greatest difference from week 
to week. 

(249) trial number. 
Temperature 32" to 67". 
Range 36". 



Qtronometer. — Eanubaw, No. 1. 



1801, July 24th to Feb. 11th, 1802. 

// 

36.9 highest and least. 
16.6 greatest difference from week 
to week. 

(679) trial number. 

Temperature 26" to ee^*. 

Range 40". 



Chronometer.— Eamshaw, No. 2. 



1798, Jan. 11th to Dec. 24th. 

// 

49.4 highest and least. 
7 . greateetdifference from week 
to week. 

(634) trial number. 

Temperature 36" to 70". 

Range 36\ 



1800, April 3rd to Oct. 16th. 

17.1 highest and least. 
8.2 greatest difilerencefrom week 
to week. 

(336) trial number. 

Temperature 48" to 70". 

Range 22". 



Chronometer.— Eamshaw, No. 2. 



1801, July 21th to Feb. 12th, 1802. 

11.6 highest and least. 
6.2 greatest difference from week 
to week. 

(240) trial number. 

Temperature 26" to 66". 

Range 40. 



Chronometer.— Eamshaw, No. 1. 



1799, Oct. 17th to May 8th, 1800. 

17.0 highest and least. 
6.2 greatest difference from week 
to week. 

(294) trial number. 
Temperature 20J" to 62". 
Range 4l|". 



Chronometer.- Eamshaw, No. 1. 



1802, Jan. 8th to July 29th. 

33.6 highest and least. 
14.0 gfreatest difference from week 
to week. 

(616) trial number. 
Temperature 26" to 62". 

R a nge 36". 

Chronometer. — Eamshaw, No. 2. 



1799, Oct. 16th to May 8th, 1800. 

// 

17.6 highest and least. 
12.3 greatest difference from week 
to week. 

(421) trial number. 

Temperature 20" to 62". 

R ange 42". 

Chronometer. —Kamahaw, No. S. 



1802, Jan. 16th to July 80th. 

12.4 highest and least. 
4.2 greatest difference from week 
to week, 

(220) trial number. 

Temperature 26" to 61'. 

Range 36". 
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It will bo seen thut tlic mo.in ninge of 
temperature for the early triuls isonly 35Tah. , 
as compariNl with 61° of tht present day. 

Up to IS3d nothing but tht; plain balance 
such as Earnshaw left it had been used, but 
it was then discovered that this balance had a 
regular error in extremes, amounting to several 
Beconda, and from that time nothing but 
auxiliary balances could stand any chance at 
the Greenwich trials, owing to the trials being 
not far from twice aa severe in temperature 
OS at the beginning of this century. It is 
satisfactory to see that, whereas formerly the 
chronometers were not tried in heat but in 
eevcre cold and middle temperature, they 
ore now tried in heat such ns is experienced 
in the tropics, and such cold aa we experience 
during the winter in a room without a fire. 
This ia itself is enough to double the error of 
the ordinary balance. The beet trial in 1800 



Tern. 46 to 71 
Itan^ 26 only. 



10.2 6.2 



200 



1 1340 it WBHn.4 4. 
1 1842 „ 10.0 4.6 192 
ui nithoul iho Icm. ) in ]847 „ 8.8 6 IBS 
l"™'"™- Un 18S4 „ 8.6 45 17ti 

Tern, setolOO in ISGd „ 7 9 4.7 173 

Range 61 

Tern. 33 to 96 in 1B70 „ 6,3 3 8 131 

EaDgeeS 

Tern. 35 to 96 in 1873 „ 5.1 3.0 111 

Range 61 

The chronometers mentioned here have 
all been with auxiliary tompensution since 
18-tO, excepting the lost, which is with 
Kullbergs [flat rim bahince, and this is the 
first instance since the invention of the 
chronometer that any balance Las given such 
results. If the last four years' rute of im- 
provement should continue we shall soon have 
arrived at apointwherewe shall have to remain 
stationary, because the nearer we get to per- 
fection the greater will be the difficulty. 



Wb call attention to the programme of 
prizes offered by the Goldsmiths' Company in 
f^irtherance of technical education, which is 
published on the cover of this Journal. 

Clock Airs Watchkailebs' Asyick.— A special 
general meeting of the subscnbcrs of this insti- 
tution will be held at the " Crown and Wool- 
pack," 162, St. John Street-rood, E.C., at seven 
o'clock, on Monday, April 20, when a male in- 
mate will be elected from three candidates : — 
Thomaa Wright, William Sehooley, and George 
Fhilcox. We are sorry to observe, from the 
report of the committee for the past year, 
that the accounts show a. balance against the 
society, which will, however, we trust, be 
more than made ap during the present year. 



KBY1E83 MECHANISM. 

The following is a description of kejlcss 
mechanism recently patented by Mr. John 
Goettler in tonus almost identical with his 
specification r — 

The object of the invention is to effect 
simplicity and economy in the construction 
of keyless winding arrangements of watehes. 
For this purpose, in order to efl'ect the 
winding and setting of watches without a 
key, I employ a short rod prujecting thnmgji 
a hole formed for that purpoec in the peadnt 
of the watch, and having applied on its aula 
end a milled knob, and on its irnit r end cany- 
ing a small wheel or pinion,, which actuates 
a connecting wheel or pinion, the te«th ot 
which take into teeth formed on the cdg« or 
periphery of a double wheel, which ie fomud 
with a recess on one surface, around tlie eAff 
of which are formed rachct tet'th, whieli, whto 
such rtccssed wheel is made tu revolve in wk 
direction, will slide on, and when moved tu 
the other direction will, whilst winding ttr 
watch, gear with the teeth uf the ratchet 
wheel on the axis of the winiliug mechanism, 
I which rachei wheel revohes within flii' 
! recess in this double wheel, whenhf ■ 
direct and simple means of effecting,-- Jj^ 
winding is obtained. The teeth <tf ttilf' 
ccssed ratohct wheel are kept 
during winding with the teeth of the n 
wheel on the winding axis by a qoiag^l 
on one end of a bar, which carries tbe d| 
wheel with capability of freely rerolvl 
bearings carried by such bar, thi« h&r ti ' 
on a fixed centre at the opposite f * 
the setting this bar is moved by a pi 
projecting through the rim of the n 
as to bring the toeth on the peripheiy of tihe 
double wheel into gear with a wheel affixed 
to the shaft carrying the hands, and at the 
same time the toeth of the rateliet wheel 
will clear the inside ratohet teeth of the 
double wheel, such ratchet wheel being of 
slightly smaller diameter. The spring acting 
on the bar causes the wheel to be replaced on 
pressure being removed from the stad or pin 
when the desired setting has been effected. 

But that the invention may be better 
understood I will, by the aid of the accom- 
panying drawing, proceed te describe means 
pursued in carrying the same into effect. 

Figs. 1 and 2 show two internal views of bo 
mucli of a wateh, with the improvements 
applied thereto, as will serve to illustrate the 
invention. 

Figs. 3, 4, and 5 show separately various 
parts, or parts in different positions, in order 
that their eonstructiou may be better nnder- 
rtood. 
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Iq each of the figures the same letters ore called koylcsa watches. Tha toeth of this 
iployo.i to indicate corresponding parts. pinion e take iato the teeth of a wheel /, 
Tlic dottytl lines rt a indicate the outlinL' of whith is supported to turn on tlie bearing n', 
G watch frame ; b is the pendant, and c the which bearing also serves as a snpport uud 
lob of a spindlo d, which is passed through fulcrum for the bar g, and this bar g conies, 
e Bt«m of tho pendant, and has a small with capability of its free rotation thereon, 
nion e applied to the inner end of it, as in | the tooth wheel h, the teeth (1) of which are 
e case of other arrangements of what are takon into by the teeth of the pinion f, so 
Rg. 1- Fig. 2. 




jt the pinion / serves as on intermediate 
beel between the pinion e and tho wheel k. 
ifl surface of the wheel h is recessed, and 
\a formed thereon the ratchet teeth (2), 
hich, when the bar y is in the position 
dicated by Figs. 1 and 4, take into cor- 
sponding ratchet teeth formed on a wheel i 
ixed to tho axis, to which one end of the 
nin spring is attached in the spring barrel k. > 
10 bar g is formed with a projection g'', ,' 
hich is acted upon by a spring I, with a 
ndency to keep that bar in the position 
dicatcdby Fig. 1, with the projection y' (as' 
ime by the spring t) resting against the 
Bckct m. Wlion the parts are in the 
•sition thus described, and as represented by 
.g. 1, by turning the knob c in one direction 
e teeth (2) of the wheel A will act on the 
eth of tho wheel i to cause that wheel to 
voire and wind up the spi 



k\ k. VThen the kaob e is turned is the 



opposite direction the spring I will yield and 
admit of the wheel k turning without any 
effect to tho porta. One-half only of the 
thickness of the wheel i lies within the wheel 
A, and the other part of the thickness thereof 
projects so that a spring catch A' takes into 
tho teeth thereof to prevent unwinding ; a is 
a hoop, with two projections n' n', by turning 
which, by acting on the projection w to move 
it in tho direction of the orrow, tlic pro- 
jection n' will act on the projection g'' of the 
bar g to overcome t'le pressure of the spring I, 
and remove the teeth (2) of the wheel A from 
contact with those of the wheel i, and brin" 
the teeth ( I ) of the wheel h in gear with the 
teeth of a pinion o on the axis of tho minute 
hand, an inilicated by Figs. 2 and 3. by which 
tho hands may bo set in cither direction, as 
desired, and then when pressure is removed 
from tho projection m' of the hoop n the ports 
will return to their former position. 
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THE DIAMOND AND OTHER PRECIOUS STONES. 



By M. BABIXET, of the Instittte of Fbance. 
(From the ** Smithsonian Eeport" for 1870.) 



(Conlinned from Page 110 J 

Now, if wc recollect that before diamond- 
outting was understood the opal was the only 
stone which, receiving the white light of 
day, gave it back refracted in a thousand 
magic tints, this price does not appear too 
much for a gem which was the Koh-i-noor 
or the Begmt of Rome. The opal, at the 
Bame time that it is the lightest of all gems, 
lofiiiig in water one-half its weight, is also 
one (^ the softest. Those of In(£a are some- 
what superior in these respects. 

In actual value the Paris market places, 
nox^t after the opal, two stones of an undecided 
greenish yellow, viz., the chri/soUie and the 
peridot. The first is characterised by its 
IiTely lustre, its polish, analogous to that of 
the sapphire, and its warm bright tints. It 
is the ** stone of affection " of Sir David 
Brewster, so celebrated for his researches in 
optics. The chrysolite, or Cymophane, has 
often the milkiness of the sapphire. To 
enumerate its other properties we must enter 
the broad field of modem optics, speak of 
double refraction, of xx>larisation, and the 
colors which are exhibited in the light which 
traverses crystals, and, finally, of the three 
kinds of colored rings, namely, those with 
black lines, those with black crosses, and 
those without either lines or crosses. The 
rings in the chrysolite, as in the topaz, arc of 
the first kind. This is not, however, a 
distinguishing property, since it can bo made 
to appear, with a little dexterity, in almost 
all cut stones. As to the peridot^ or oliviney 
its color is deeper than that of the chrysolite ; 
it is always of a greenish olive, mingled with 
yellow, the green predominating, is very 
soft, scarcely scratches glass. Its lack of 
hardness gives an appearance of dullness to 
its edges. The periaot, which comes to us 
from India, is there used as ornaments of 
harness, as well as are the flatly cut emeralds 
of tlie same country. Ceylon, which is above 
all other places, distinguished for the pro- 
duction of colored stones, does not continue 
to furnish the peridot, which, however, is not 
rare in the lava from volcanoes, although the 
specimens are toa minute to be worthy of the 
art of the lapidary. 

I have often seen in the possession of an 
^mateur interesting collections of these small 



crystals, which, viewe<l by lamplight ami 
under a microscope, verified all the crystal- 
lographic laws of Haiiy. A crystal of a 
peculiar property, though of the minutest 
dimensions, was to this eccentric amateut 
what the Star of the South would be to an 
ordinary collector of diamonds. His long and 
minute investigations gave him great facility 
in the study of minute gems. From a stone 
covered with small crystals he would select 
one, which, under the microscope, and 
properly lighted, would present the moit 
interesting scientific indications. 

The peridot hsA the distinguished hon<»to 
be the only precious stone that has thus &r 
been found in aerolites falling from the sky, 
although these little olive stones are of no 
great value if sold by the carat ; but if 
suitably cut in their matrix, they afford, if 
not very beautiful, certainly very curious, 
specimens. I need scarcely say that the 
existence of a crystallised stone found in 
bodies falling from the atmosphere refutes the 
idea that these meteorites are formed suddenly 
by the condensation of exhalationa from the 
earth. The regular disposition of the par- 
ticles of a substance in the form of a ciystel 
requires immense time, as well as perfect 
freedom of motion. 

From the peridot we pass to the gandi 
which is a ferruginous stone of a deep red 
color, and often wanting in transparence. It 
is, however, sometimes found of the beautifal 
color called peach-bloom. To the perfection 
of colors it is necessary that a specimen should 
join a regularity of tint, wanting which con- 
stitutes a defect easily perceived by an eye 
properly trained. There is sometimes found 
with cut garnets a very pretty assemblage of 
stones in juxtaposition, which gives a very 
agreeable appearance of black mingled with 
red. The only garnet I have ever seen of 
any value is the hyacinthe, a stone of a 
luscious orangy yellow color, having a little 
the appearance of candy made of brown sugar. 
This stone, which Haiiy wrongly separates 
from garnets, is not much esteemed, except by 
amateurs or collectors of curious specimens. 
The Hollanders formerly cut garnets into a 
pearl shape, which were strung in necklaces 
and used as money among the slave-traders. 
As in sapphires, a^crs may be observed iu 
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g:arDets, and I have been able to verify, by 
the cutting, all that this phenomenon indicated 
of the structure of the stone. 

In the garnet can be developed crosses with 
six, and also with four limbs, besides straight 
and oblique crosses, without counting certain 
circles of light resulting from a cutting per- 
pendicular to the asierial filaments. 

Both for mineralogy and also for optics the 
study of gems affords many important facts. 
It is to the study of minendogical optics that 
Malus, Arago, Fresnel, and Biot, in France ; 
Huyghens, in Holland; Wollaston and Sir 
David Brewster, in England; and Seebeck 
and Haidengcr, in Germany, owe so much of 
their renown, and to. which the science of 
light is indebted for its most beautiful dis- 
coveries. 

Pliny gives no Latin name to the garnet, 
but confounded it with all stones of a red 
color, under the head carhuncuU. It is the 
heaviest of gems, and, like the diamond, does 
not possess double refraction. From the 
white garnet of Norway very excellent micros- 
copic lenses have been made, although it is 
ordinarily from the diamond that small and 
exceedingly powerful lenses of this kind are 
formed. The cutting of such lenses is very 
difficult, and the price commensurate with 
the labour and skill required in the operation. 
I may here observe that another mineralogical 
crystal having single refraction, the afJiphighu, 
strongly refractive and perfectly colorless, 
may also perhaps be used to form small, 
powerful lenses. 

The iopaZf whose name is derived from its 
yellow color, is a mineral which also crystal- 
lises in prisms, and is susceptible of being 
very nearly broken transversely. They are 
of all colors, and come principally from Brazil 
and Saxony, though Siberia also furnishes 
them. The price of the yellow variety, 
which, strictly speaking, only ought to bear 
the name of tapaZf has wonderfully declined 
during the last quarter of a century. The 
Brazilian topaz cannot bo confounded with 
the Oriental, which is a beautiful corindon of 
a yellow color, deepening almost to orange. 

Although the topaz is not considered a very 
brittle mineral, it is said that the Emperor 
Maxiniinud, who broke the teeth of his horse 
with a blow of his fist, and the leg of a beast 
by one of his royal kicks, was so strong in 
the hands that he could crush topazes as we 
cnislL a lump of sugar. The topaz has been 
for a long time a great favorite, especially 
with tlie Spaniards, but with the caprice of 
fashion it has of late years greatly declined in 
the estimation of the public. 

It was on the white topaz of Brazil tliat 
ypceael made the important ditcoverics of 



double refraction with two axes. It is also 
the topaz, which boars the name of water-drop, 
which is made so often to pass for the diamond. 
In mineralogy this stone serves as one of the 
types of comparative hardness. Thus, we 
say a stone scratches glass, scratches rock- 
crystal, scratches topaz and sapphire, accord- 
ing to the various degrees of hardness. For 
example, the Brazilian topaz cannot scratch 
sapphire, which is one test of a diamond. 
The black diamond of Borneo scratches every 
stone, even diamond itself. As to tho peridot 
and aped, they scratch nothing, not even 
ordinary bottle-glass, which I use in experi- 
ments of this kind ; as to window-glass, it has 
become too soft of late to be used as a test, 
since for economy it is now made with too 
large a proportion of alkali. 

The blue topaz of Brazil has never as deep 
a tint as that of the sapphire ; it is only an 
aqua-marine of superior quality. Of all 
topazes the only one highly esteemed is that 
artificially colored, of a pale rose hue, by 
means of fire. For the specimens that we 
wish to experiment with we must choos<i 
those of a deep yellow or rich orange color. 
Afterward they are placed in ashes or sand 
and submitted to a red, or even a white heat, 
more or less prolonged. When they are taken 
out we find the tint changed to the light red 
of what is called ruby hcuais or ruby bruUe, 
(burnt ruby). The gay color of this ruby is 
very pleasing to the eye. A dildtafUe onco 
remarked to me, '* This stone has an amiable 
character." I was entirely of his opinion as 
to the moral of this gem, although there is 
certainly nothing very sincere in the means by 
which it acquires its beautiful tint. If, like 
the olivine, the topaz had been enveloped in 
volcanic fires, it would naturally have become 
a rtd)y balais, and no cloud would have rested 
on the truthfulness of its character. 

The mineral species which the topaz forms 
I is characterized by a certain quantity of 
fiuoric acid, which it contains exclusively of 
I all other gems. This stone, moderately 
j heated, becomes electric, and will attract light, 
; movable bodies. A delicate linen thread, 
I suspended vertically from one end, is attracted 
! by the wanned topaz as it would be by a stick 
; of sealing-wax after being rubbed on cloth. 
The topaz shares this curious character only 
with the tmirmalim. This latter stone, of 
which we shall say very little as a gem, is 
highly prized in optics on account of its polar- 
izing qualities, which are utilized in a great 
variety of apparatus. It is without any bril- 
liant lustre ; and tkou^ proposed as a stone 
for mourning ornaments, to compete with jet, 
jewellers have not yet made up their minds to 
employ it for this purpose. For a really rich 
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mourning decoration black diamonds arc tie 
gems to be used, as they have been in Portu- 
gal in decorating the crown-royal. The 
earliest specimens of tounnalincs came from 
Ceylon through Holland. The red tourmaline 
of Siberia, called also sihirite, is pretty enough 
for a ring ; it occurs in minute crysteds. The 
amateur of whom I haye spoken had in his 
collection very small sibirties, from Corsica, 
of a crystalline form and exquisite in color ; 
they would have served as gems for the de- 
coration of the Liliputians. There are 
beautiful green and blue tourmalines, which 
come from South America, and are called 
Brazilian emeralds and sapphires. The aqua- 
marine, the name of which indicates its sea- 
green hue, is a stone of a mineralogical cha- 
racter similar to that of the emerald, but little 
in demand at the present time. It is possible 
that there may be an augmentation in its 
price, since no new ones are received in mar- 
ket. This stone loses nothing of its appear- 
ance in artificial light, and it is sometimes 
curious to see a magnificent decoration of 
sapphires wanting in effect at night, while a 
cheaper one of aqua-marine is not only pre- 
serving its splendor, but seeming to gain in 
brilliance by candle-light. The English re- 
gard aqua-marine with the partiality the 
Spanish had for the topaz. 

This stone takes a beautiful polish, and 
preserves it for a long time. It is less hard 
than the topaz, and possessss many optical 
qualities, on which our limits will not permit 
us to touch. 

We come next to the amethyst^ the name 
of which signifies a specific against drufikenness. 
It is a true rock-crystal of a beautiful 
violet color ; it is essentially a day-light stone. 
Nothing is wanting to this lovely gem but 
rarity. Pliny employs the word amethystize 
as synonymous with violetize. Modem savans 
with their lynx-eyes, find a difference between 
violet rock-crystal and pure amethyst. The 
latter is characterized by a series of little un- 
dulated strata, wl)ich is wanting in the violet 
rock-crystal. There are specimens of colorless 
quartz which have a structure similar to that 
of the amethyst. When certain agates con- 
sist of very thin layers of a uniform thickness 
they take the colors of the spectrum, and are 
called iridescent agates. It is probable that 
the myrrhine vases, whose value reaches some 
hundreds of thousands of francs, were cut 
from iridescent agates. Sir David Brewster 
has given the exact theory of this iridescence, 
ignorant that I had already done so before 
him in the reports of the Institute. 

The same philosopher has also demonstrated 
that the color of sea-shells is also duo to their 
surface being striated by undulating and' 



closely approximated minute lines ; for, if wc 
take the impressions of one of these shells in 
finely prepared wax, we get the colors, as 
well as the form, of the specimen. Myrrhine 
vases were sold at 70, 100, and 300 talents. 
The talent was about 540 francs. We may 
find among minerals many stones which, being 
cut, will make excellent gems. There is the 
euclase, b weak emerald in color, but not so 
hard as a real emerald. The anwhigine is as 
pretty as the white sapphire. The prehnite 
is a tolerably good ciladon. It is somewhat 
remarkable that researches in mineralogy 
have led to nothing new in the way of pre- 
cious stones. This illustrates a remark of 
Humboldt that mineral nature is the same 
from one end of the world to the other, which 
cannot be said of either the vegetable or the 
animal kingdom. 

There is no hope, then, of our finding any- 
thing beyond diamonds, nibics, sapphires, 
topazes, emeralds, and amethysts. The only 
resource is the laboratory. To obtain new 
gems man must not count upon nature, but 
upon his genius. 

In terminating the list of precious stones 
let us say a word about the white pebble or 
rock-crystal. This is nothing but flinty sand, 
crystallized and variously colored. Almost 
all false gems, so called, are made from rock- 
crystal or quartz. Thus rock-crystals, cut 
like the diamond, as Khine diamonds and 
Alcncjon diamonds, are called false diamonds. 
It is only ^'iolet quartz which makes the true 
amethyst. Recently an attempt has been 
made, with considerable success, to imitate 
the yellow topaz with rock-crystal of the same 
color. There is developed in the stone a very 
rich, velvety, orange color. As to all the 
reflections, the tints, the degrees of transpar- 
ence, or of opalescence — in fine, of all the 
forms which quartz, a veritable Proteus, can 
assume, a volume would hardly suffice to 
detail them. Formerly rock-crystal was 
used for chandeliers and many other articles 
for which glass is now substituted. The 
ancients were cognizant of the power balls of 
rock-crystal possess to concentrate the sun's 
rays and of setting fire to bodies. Physicians 
also used them to cauterize certain wounds, 
in accord with the adage, ** After medicine, 
the knife; after the knife, fire; after tire, 
nothing." These balls can likewise be em- 
ployed as microscopes, cp ;> : l i ally vr ): l : i they 
are small. Minute nature might have been 
studied as well by the ancients as in our day 
had they been so inclined. 

I have not mentioned turquoises, of which 
there are two kinds, both without trans- 
parency. One of theso is made from the teeth 
of the mastodon and colored with copper, a 
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eai celadon. It U a. kind of fossil ivory. 
dc other 13 a true mineral of tho aamo 
t'cniah blue color, cuid is a. grcut deal ail- 
irul ; it costs obout forty francs the carat, 
he turquoise is perlectlj- imitated by porcc- 
in. This etonc, without transparency, can 
orccly be rcckontd emoDg gems; it is rather 

kind of natural enamel. We have also 
littt^d feldspar, which contains an alkaline 
Inciple, and which yields stones having a 
ithcr-of-pearl lustre, but without colors. 
owcTer, when feldspar is of a golden yellow 
it, covered witli little reddish spots, it is 
t like a gem, but is at the present time very 
,tlc kn'iwn ; it is called aveniurine. 
A.ftcr the consideration oE crystallized 
iDcrals in nature we should attempt the 
Litation of them in the laboratory. I do sot 
?an SQch imitation as pastes and color pro- 
ices. I refer to the reproduction ns nature 
vcs the gems to na, and propose the making 

real precious stones, such as has been 
tempted in the case of the diamond. I have 
rnidy said that Ebelman, at Sevres, has 
ystaliized aluminium and silex, thus making 
tmc spinelln. IT. Despretz, in the cxperi- 
ents by which he has volatilized charcoal 
>d the diamond, has also melted aluminium 
lid BJlcs. Ho has obtained from these sub- 
laoccB little hollow spheres, lined inside with 
rjstals, like Ihe cavities which are found it 
nines cont-iining crystals of various kinds 
in all the experiments of Despretz the ex 
wdingly intense heat ivhich he produced by 
Electricity only served to dissipate the particles 
)f Uie diamond without producing any crystal' 
ligation. It is therefore evident that th( 
diamond is not an igneous production. Its 
origJQ ia probably electric ; but what was the 
Toch of its first production from ordinary 
^bon, and whcro did its crystallization 

According to M. Boutigny, the carbon of 
"leoarth comes from showers of hydrogen, 
•nitai with carbon, which' wateretl, as it were, 
"iseirth when it was too hot to receive 
■*liiiary rains. We have not yet seen the 
"Ming of this hypothesis on the crystalliza- 
^<ntX the diamond. I have already said that 
jUphor aad carbon, in uniting together, pro- 
'"tt a liquid as limpid ob water or pure 
"ItiAol, Now, with this it might be well to 
■T the following experiment : Havinp filled 
' strong iron bottle with the liquid, and 
'^Tin covered it with an iron stopper, firmly 
'^■Tcd into the neck, I would place it in an 
wn nt 200 or aOO degrees centi(;r:ide of heat, 
'tthig temperature the iron of the bottle and 
''tsidphur would possibly react upon each 
Uier and enter into combination. iHow, the , 
Dlphar, usiliog vith the iron, vonld leave 



the carbon fiee, which might thus slowly 
arrange itself in the crystalline form. I 
merely propose this experiment, which might 
require a long- continued heat of uniform tem- 
perature, to illustrate the play of chemical 
affinity. It is possible the effect would be 
analogous to that which takes place when a 
porous body is plunged into a saline solution, 
which absorbs the water and leaves the salt 
crystallized on its surface. We should inform 
those who may be tempted to try this experi- 
ment that the fluid within the bottle would 
acquire by heat an immense repulsive force, 
sufficient to break almost any vessel inclosing 
it, especially one of ir«n, alter the metal has 
been acted on by sulphur. The old alchemist a 
frequently met with serious accidents in their 
attempts to transmute merenryby overheating 
it in closed iron vessels. 

We have just said that there is very little 
chance that nature will furnish us with any 
new minerals. Wo must therefore depend on 
the results of the laboratory, and examine 
every substance whose hardness, polish, 
transparence, and crystal lization render them 
suitable for gems. We may afterward dis- 
cover the method of coloring them, which 
would not seem a very difficult task, from the 
fact that the colorin gmatter is always a 
foreign substance, and that, in many cues, 
gems have already been artificially colored. 
Kbclmcn, by evaporating ether from silica, 
has obtained beautiful specimens of paste, 
exactly resembling opal. Though man may 
never be able to discover all the processes of 
nature in the production of objects of curiosity 
or practical utility, yet he is every day induc- 
ing her to disclose some of tho secrets of her 
operations, either as she reveals them spon- 
taneously in tho changes of tho earth or is 
forced to repeat them under the coercion of 
agents — heat, light, and electricity. 
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Monday 13 S.O Technical Class. 

Tuesday 11 8.30 Council. 

Thursday 16 I 8.0 Teohnioal Class. 

Monday SO | 8.0 Ditto. 

Thursday IA 1 8.0 Ititto. 

Monday -'" i 8.0 Ditt-". 

Thursday ao ! MO ^ Ditto^ 

AccoEDLVo to tho census of 1861 there wore 
eight hundred and soventy-sovcn watch laA. 
clock makers in Clerkenwell. 
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AimiM lU Nil y.UUUl. mil be found to ansioer hU remdramnts:- 

AU lMt..r« l« bo addreK-cd to tho Editor, at tho ■?'^'/ "'« A ^p-'"? '". a pifce of binding mrt 

lairtilati', 35, Nortliamptoa Square, E.G. '" "'« /«"'« '/ « »P"' ■»■ (^A*^ '""y' ''« '' 

SizK OK I'lKM IS Geavity EscATEMEKi ossimies a red heat ail over, and cool « quidig 

Sm,-Tl.o oLiy" answer I cnn ' give' to i>^ <>ii <>r t''f<>^<>J re«wv%whe,i cod, the qw^ 

"J. P.," who a«k% what .honld be \u size m'mf.lhefameUajheotl whicJi stu^b. 

of tho lifting pins in n.y Rrnyity escapements, '^* ^oorkmntjs, ihenkt tf conipletelif bjH # 

is that I never eoul.l find that It matter ^«'^f/* "^ /«»» ■ -P « ^fio. Pfocefd m a 

whdt the size is, within any reaaonable limita ^''"''"'' "^"l/' f."', T ''.T'" "'J" "'' ^/"^ 

likely to bo adopted. If they are very thin '' '"^ ^'f "'^'fi^ *""'' T^:, P"""' i""^' 

they will mark-i.*., slif-htlycu^-the faces «''« «^irf(W3 hfl so hard that the e^um 

of tho palletfl, howcrcT hard they maybe; ca»'i<^ ft it to the arbor BnyiybeSHfficitiitli 

and they must obviously not be so thick as T^^""' ?y '^'f,^^ techmct^i/ calkd fanng. 

to let the corner of either pallet, and not the 2" ^1 '«'" 'f™ 'itt bmdin^ mrenumg fiim 

flat face, rest upon the pins. In fact, tho round the pniwi and its pipe, so fiat a goo^ji 

indifference of theae double three-legged and 'Jifnlifij of oil mil adliere to it, then hoU it tN 

four-legged cscapenicnU (but not five) to '^'■/'""e t^J (he od begins to bum, and {we^ 

small minutiai of thla kind Is one of tlieir '^ '• rqieni this several times, aavi tks fiMan 

numerous advantages. Everything that ia >'iaff be ckmitd with the rotm blukmUlff 

n'ally maU-rial ia noticed in my book and the '« restore the poiisk.—yf . G. 8. 
luat appendix of 



I hope to send you a revised and enloigcd 0)bittIHrtt. 

sixth edition of it soon, as it is now printing ; „, ., „ , ., a"'., „ -j il u ' 

but I have had nothing of consequence to .dd JJ '' regretfully record the de«^ DfHr.M»t 
on this subject, though Ihave on some others, "f ^^"' "^ 49, Speneer-street, Ch-rkc^l , 

As I am writing I will also answer *'^° ^'"^ elected a member oi the Bntidi 

'■ S. L.," who want/k cheap kind of transit ^"^^^.'u l"'"*"** ^ ^-f^' !^f ^^J''^ 'T 

or meridian instrument ibr the sun, that the 7/' '"I ^^l.* }j tJ^ "^^ '=^-l<-' °{ '^f'^ 

only instruments that satisfy those conditions throughout tho trade He iw« born «. 181., 

aro a dipleidoscope, or a meridian silt, of ?'i«ie to>ndon in 1830 and rotut five jmb 

which I shall give a better description in the "" l^'""""*? *^° c ockmaking Jks master rtd! 

new edition than in tho old ones. Of coum-, T""^' , \ ■ "^^"^, ^"tchwwk. 

a transit instrument is better, but a tnmsit lio^ever, and employing the little k-isuw W 

suitable for the .nn requires a peculiar eye '^PP^^^h'^e's honrs in those &^j^ nffonW w 

piece, and it would be bi-tter, and much more flu^S a knowledge of thst branch ^f 

likely to be ,xaet, to use it for stare, and horology, he gave his attonbonw boll v to it, 

turn sidereal into mean solar time, instead of """^ relinquished clockwork. He made km 

turning apparent «,lar time into mean. e^^aperaent making his special buwn«i, m\ 

Yours inily continued to follow that bntnch until tiu »■ 

E B DENI80N creasing attention demanded of him by fto 

tool and material business, in irliich he hkl 

emharked, compelled him gradmilly U> relij;- 

^Q (lOnTSUOlKlClllji. 1"ish ''■ This business had be^ itutol 

„^ . '■ ,- J- i> T > Ti some years prcriously by the late Mr. Hewitt, 

, y^TT''™''S'-^'''^'-^':-*^^'"-^"''-i<:hronometer maker, of whom an oHtum 
Irell on "Tlie Lever Escapetmit will appear , ^^^:^^^ appeared in thc/ourjio/ some few years 
>iej:tiiMii/i. back. It was, perhaps, during this period of 

IJxclTOB.— Flense fivour the Accrdanjicith his Hfe that Mr. Hasweli was more gcnenJIy 
gonr tiddress,ai'd a rqilij shall be sent hjposl. known, tho nature of his business bringins 

I would like if, anmiij your mmerous ror- him in contact with all classwa in the twif. 
resj)omkuls,_ one will <jtve an answer to the ' Yot thirty -five years he had been in this busi- 
following, viz., the best vtethoil of eoimierading I ness. he made it a pleasure, and was alirsK 
the effects of s(dt water when a watch falls at his post. He was chosen n juror m tk 
overooard and becmnes saturated with water— llatcmationol Exhibition, 1862, nnd was on 



n occurrence that takes p/are frequently about 
seaports. — Jaubs Allan, Charleatown, U.S 

U. V. 8., Ill the Mardi number (f tlie 
HoiioLo<iicAL Jor&NAL, osks hoto to hardeti 
case springs, so that Ike work retains its tough- 
ness. Waeti the proper qiudilff of steel for the 



the committee of the Paris Exhibition, '. 
for the Horological Classes. He was in hopM 
of enjoying a well-earned rest when he va 
smitten with a painful malady, which ter- 
minated fatally, Fcbraary 26, at the age of 
fifty-eight. 
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3UIILT Bvail myself of your permiasion to 
itinue my letters, and enclose diagrams and! 
} following calculations for wheel and pallets. ' 
[ always moke tho calculations first, as in ' 
tctice they supersede the drawings, and 
o enable us to make a more correct draw- 
t (on a erooll scale) when it is required fon 
illiistration. Then, again, a drnwinp, to' 
mode even approximately correct, must he: 
a very lai^e scale, and tho various dimen- 1 
ns reduced by figures to the working sizes ; I 
ace, OS we caniiot aroid calculations, any. 



repugnance that may exist in the minda of 
my readers to the "drudgery of sums," or the 
necessary algebraical formulie, must be over- 
come, if they really wish to nnderatnnd flie 
theory of our subject. As I agree with llr. 
Reilly that Ur. Grossmann's troatiso is an 
" excellent example of orderly arrangement," 
I have followed it as far as practicable. 
UEASUBED ruuersa of bsca.pe wheel. 
Draw a chord of 24° between the points of 
teeth 1 and 2 (Fig. 1), bisect tho chord, and 




iw the lines CW and "WV. Now the angle 
C U a right angle, and \/ CWV=12°, and 
T^=its coBine=978 ; add radius R, and we 
Te *V*='989, as the measured diameter of 
lecl, when real diametcr=:l. I scarcely 
ed add the wheel is supposed to be mea- 
red between tfao parallel jaws of a sliding 
nge with tho points of teeth 1 and 2 against 
e, and tooth 9 against the other. 
Ve must now ossnmc the following data, 
!, :— 'Badius of wheel=l ; angular breadth 
pallets=10°; dTop=2°; locking angle=2°; 



impulse angle=8° ; rim= 1° ; recoil of wheel 
during unlocking =30". ; the pallets to 'scapo 
over 3 teeth as usual ; hence the angular dis- 
tanee of locking and delivering edgcs=60* 
&om each other, and 2S° and 35° from the 
line o£ centres. 

niSTAHCX OF CEHTSES. 

Draw a circle round tho wheel teeth and 
the line of centres "W P, and also the lines a 
b, c, d, at 23'' and 35° from W P ; now draw 
choida of 10° throQgh the points where e o 
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and b d out tlio wheel circle, and i)roIong 
them both wjiys till they cross each other, 
and the line of centres at PP iind to e and f=i 
hiscct the chord iind drawxW; the longth of 
thuf from W to the chord ia the cosine of 5'', 
and, of course, it i* obt.-iiii-d in the sanio 
manner as the Lino C W direct from the tables 
of aincs, &c., viz :— cosine 5'=-09GI947, and 
the (ILitiincQ of centres = seconds SOxcosine 
5°= 1-1547005 X -9061947 =; 1-1503 and = 
i--!,"'* =3-57515 =distance of centre ', whou 
diameter of wheel := 1. 

In the diap"am Fi;*. 1 the radius of wheel 
^ 2 ; hence the distance of ccntrci W P ^ 
1-15 X 2 = 2*3; and in making a small 
drawing 1 liiy off this diatance on tliL- line of 
ecntrc.i, and then draw tho liucj e and f from 
P at ;in angle of CO", and they sliould, of course, 
pass through the locking and delivti-ing points, 
as already exploinjcd. 

Kuinrs o¥ iKNira and ouibu cutoLE^ 
'Ebe i;aidiu^ X F of a^efLQ eirclie X Z = Tan 
*>*= X cosine 5,° = -5773003 X -SSSIW — 
-^7$,IS34 and radium mean oiiclo ='5751534 
X 8in5''=-087l5d7 



Badiu^ outci ciiclc =-6fi2309l 



Kadiud qi^as circle =-5751,534 
— aiii5°=-0W1.5i57 



S^U^ o£ inner cixcln ='4879977 

U' tlu) vk^^ ifi^eics = L, take tjw radius 
^■thfi iwCT Sfld outer oii-clea as thoir dianjeters, 
«fdi.lK«a4th, of pallet arms = aiu 5^= '0^7 l|d57. 

KAJPICS OF LirUNO CI.BOLR. 

^^an. F as centre dfwccilK tbe iwpi; W^ 




outer circles, and draw the line g 10° [ram J 
ud 1 8° &om g. The so^nlar distance 



from /" is the working angle =: 2°. Draw the 
impniae plane of long or hook pallet from ff 
the outer circle to i on the inner circle and 
prolong it to T. Now draw the Uae A 8* 
from e, and the impnlsc plane of short pallst 
from k on outer circle to e on inner circle, 
and prolong itto L ; let fall a perpendicnkr 
from P to T, and from P, as centre, with 
radius P T, describe tho circle T L. Thisii 
the lifting circle, and to obtain the radim 
arithmcticolly we have given two sides of i 
triiinglo and the included angle, viz., a = 
radius outer circle, b = radius inner circle, 
< C ^= 8° (aeo Fig. 2) required the line x 




X = aainB 

■6623pa.l, - -487^?^ =^ -^^^iWH 
■662309.1 X ■4a79p,U=s V*W*»Kft 
log -1743iU ^ \^im» 
tog VlSJMftW, = 9<QGOai9»—- 

leg QojtiM V = IV 1,5535)63; Ht^ 



A + * 



-^—^^& 



Ipg ■SfiiJipBJi 

log sin, 20? 4« kV = 



iWi -fc^ 17 - 






T-370S4,Sdi lp» of 
-2348818 — EadijW Mjing circle- 

nEIGET OF SEaSfENT. 

Draw a line, A B, joining tho outer comeU 
of pallets, and bisect it in S, and let fiiU tk 
perpendicular S P ami prolong it to K ; then 
S If is the height of segment wliicb vt 
require, and wc have given angular distance 
of pallet comers = 118°, which is bi^Ud 
by the line 8 P, hence the angle at P in thr 
light angle P S A = ^^f = 59° and P A =- 

radius outer circle, therefore the line S Pc« 
cosinu 59° x radius outer circle. 
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g -6623091 = r8210607 
g cosine 69**== 9-7118393 X 

r-5329000 = log of -341 1 143 
dius onter circle (P K) = -6623091 
X the line SP= -3411143 



ight of segment =1 0033234 when a 
iius of wheel = 1 or ^•s^oj^j^i.a.i. ^ .5016617 

beel diameter wheel = 1. 

DRAW ANOLT:, FIR<3T PALLET. 

(Kig. 2) Wc have first to calculate the 
ngth of line i, and for this purpose the 
allet is supposed to be "dipped" into the 
rhecl 3°, that is 2® locking and 1® run, and 
he wheel tooth is supposed to have advanced 
Vfy and will, of course, "recoil" the same 
SOC during the unlocking. "We have now a 
triangle, of wldch we know two sides and the 
included angle, viz., 6 = radius wheel = 1, 
a = distance of centres = 1-1503, and < C = 
35" - 30' = 34° 30', and require the third 
ride c and the angle B. 



a — 6= -1503 = log 1 '1769590 
a X J = 21503 = log 0-3324991 — 

log a — 6 



C 



axb 



s==l7°15' = 
2 

A— B 
log Ton — 2- = 



2-8444599 
10-5079269 + log ootaa 



9 3523868= 12 41 10 



A + B 



=^90°— 17° 15' = 72° 45' 0" 

^-=-?-12° 41 10 
2 

<B =60 



3 50 



C = 34 30 = log sin 97531280 
B = 60 3-50 = log sin 9-9378098 — 

1-8153182= log o£ 
-653609 = c or 6 Fig. 2. 
Angular distance of b &om line 

of centres = 60° 3' 50" 
Do. do. of pallet comer = 57 — 

< C Fig. 2=3 3 50 

We have now another triangle, of which we 
know a = radius outer circle = -6623091, 
and 6 = -653609, and < C = 3.3.50, and re- 
quire < B. — 



-6623091 — -653609 = -0087001 = log 39395242 
-6623091 X -653609 = 1-3159181 = log01182229 + 



3-8213013 



g = 1° 31' 55" == log cotan 115727800 + 



A + B 



2 = 



A — B 
2 ' 



-2- = 13° 55 3= logTan 9-3940813 



90° — 1° 31' 55" 
88 28 5 

13 55 — 



74 33 5= <B = CBP Fig. 2. 
31 =<8BC 



105335= S B F = Draw angle. 



The arc tn n Figs. 1 and 2 is the supple- 
Dent of < B = 180° — 74.33.5 = 105.26.55. 
[ Qse this arc or its chord in drawing the 
xking face, in preference to the angle B, as 
\ is outside the pallets, and thus causes less 
mftision. The length of the chord is 
)tained thus ^^a^fA a a == 52° 42' 25 " natural 
oe = -795552? x 2 = 1-59 = chonl of 
05.26.55. To draw the locking face from 

Fig. If &s centre, and lin. as radius, 



, describe arc m 72, and lay off tbe distance 1 -59 
I along the arc from m to Uf and draw the face 
I A n and the inner face parallel to it, and this 
pallet is complete. 

DRAW AXGLE, SECOND PALLET. 

For this we have first to calculate the 

length of line a Fig. 3, ai^d the distance of 

' centres and the radius of wheel arc again the 

two sides of the triangle, of which we require 
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the third side and the angle B, hut the 
cludeci augle is now 25" 30', the tooth of 




From p. 9 we ohtain 




log ^5-=-?= 2-8444599 




^=12= 45'logcotan= 10-6453598 X 




logTan^i^^ 9-4898197=1- 


'ffsr 


— "t-^ = 90 - 12.45 = 77 16 




^--^=17 9 57 




(iO 5 3 = 


<B 



wheel agnin aupposeil to liuve advancod J 
and the pallet dip ^ S°. 



log sin C = 25^ 30'= 9-G339844 
B = GO' 5' 3" = log sin = 9-9378983 - 

logaFig. 3=T69608bT=-4%69 
Angular diatdnce of a from lino 

of centres = 60" 5' 3' 

Do. do. of fi = 57 - 

< C= 3 5 3 
We have now a = -49669, b = i-adius innff 
circle = -4879977 < C = 3.5.3, and wqnire 



■49669 — -4879977 = -0086923 = log 39391297 
-49669 + -4879977 = 9846877 = log 1-9932985 - 






log 
!' 31" = log eotan _ 

log Tan ^-^ = 



< A = 106 36 55 



73 23 5 — arc op. 

"-i*-i=. 36 41 32= B 
Chord of arc oj>. 

<CAB =106° 36' 65" 
<ACB =353 
<ACB'= 8 
<CB'A = 20 46 17 



<B»AB = 138 28 15 



-5975 X2= M95 = 



<AB'F = 
<CB'A = 
<CB'S = 



41 


31 


45 


20 


46 


17 


31 









<SB''F = 93 18 13 



J 
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only now to lay off the chord o J9 at 
ce 1*195, and draw the locking face 
the end of impulse plane and the 
9 parallel, and pallet two is com- 
le wheel teeth are drawn with just 
slope for the point only of the tooth 
on the locking faces; hy laying a 
ige along the locking face of second 

can easily see if they are sloped 
In the diagram the front of the 

portion of the chord of six teeth 
ick part of chord of 5 teeth, which, 
seen, is ahout right, 
the diagrams and calculations will 
correct, according to the given or 
3ata, hut whether the **data" is 
U depend on the size of the watch 
collateral circumstances into which 
it present enter. I may, however, 
at the amount of *' draw " necessary 

calculated, hut must ho ohtained 
'' in the pitching tool or plates. 



JOHN FEWTRELL. 



ham. 



[PEOVED MIECUEIAL PENDTJIUM. 

in the Fehruary number of your 
t you continue the discussion on 
aann's improved mercurial pendulum, 
ret ventured to disagree with Mr. 
L on this subject I had no idea that 
don would excite sufficient interest 
blished in your columns ; but since 
)een pleased to publish it so far, I 
)cctfully ask of you to publish the 
r. Grossmann's last article which I 

you along with this letter. This 
e discussion so far as it appeared in 
IS of the late American Horological 

CLYDE. 



OKITZ Geoss3L\>'x — Dcar Sir — In this 
ition I prefer to address you directly, 
5 that you will excuse the liberty I 
luse my reason for so doing is to 
he recurrence of that unpleasant 
aich I fear exists in your mind, 
the supposition, on your part, that 
dyou treated the principles involved 
improved compensation pendulum 
sly or superficially. Now, sir, no 
as studied any of your writings can 
•n of treating any subject super- 
ut in these few past years this 
f improving the compensation of 



pendulums is one which has occupied the 
attention of many inventive minds in this 
most inventive country, and, although many 
patents have been taken out for supposed im- 
provements in this line, I regret to be com- 
pelled to state that, with scarcely an exception, 
the inventors have displayed no more know- 
ledge of the principles involved in the 
improvement of the compensation of a 
pendulum than if they had been compensating 
the handle of the town pump so that it would 
have the same amount of leverage in winter 
as in summer. To this class my remarks 
regarding patent pendulums were addressed ; 
certainly not to you, or to any other individual 
so deeply skilled in the science of Horology. 
The only analogy I know that exists between 
a patent pendulum as it is understood in the 
United States, and patent medicine as it is 
understood to be aU over the world, is that 
the one proposes to cure the iri;egalarities of 
the clock, the other the physical irregularities 
of man, and they are usually both equally 
effective. 

You have been kind enough to notice my 
communication regarding the mercurial 
pendulum and the expansion of mercury, 
which appeared in the tenth number of the 
first volume of the Jouenal. The paradox 
that you point out as existing in Reid's Trea- 
tise may be partly explained by the fact, not 
generally known, that the greater portion of 
this book was written originally as the hero- 
logical article for the new edition of the 
Edinburgh Cydopcedia, and which was after- 
wards enlarged and published in book form, 
under the name it now bears. The tables you 
quote are not to be found in the original 
article, but only the statement that mercury 
expands nearly 5.75 times more than the steel 
rod. I do not know who is responsible for 
the addition of these tables, which substan- 
tially agree with the cubical expansion given 
to mercury by most of our later authorities, 
and which appear to be so contradictory to the 
conclusions Reid himself arrives at. My 
quotation from Charles Frodsham, regarding 
the expansion of mercury, was extracted from 
the second edition of a small work, entitled, 
" A Few Facts connected with the Elements 
of Watch and Clockmaking," by Charles 
Frodsham, 84, Strand, London, and on page 
36 of this work it is stated that " mercury, in 
glass, expands from 5.73 to 5.81 times that of 
steel rod." 

I am not prepared to support either Reid or 
Frodsham's opinions regarding the expansion 
of mercury ; neither am I wiUing, at present, 
to admit that they are substantially wrong, 
for it does seem to me that mercury is acted 
upon differently when in a vessel swinging 
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backward and forward through the air, like 
the jar of a pendulum, than when it is in 
vessels usually employed by philosophers in 
their experiments to determine its cubical 
expansion. I propose to set this question at 
rest, and have been engaged contriving some 
arrangement with a view of practically test- 
ing, by giving some visible or audible proof to 
the senses, whether the steel rod or the mer- 
cury in the jar of the ordinary Graham 
pendulum moves first by a change of tempe- 
rature, when swingiDg backward and forward 
on the clock, and also to show liow much they 
do move for a given change in the thermo- 
meter. An experiment of this kind is a 
delicate one, and consumes a great deal of 
time, while I, like most mechanics, can only 
afford to be emj)loyed upon it as a recreation 
in hours of leisure, and it may be some time 
before I find any result sufficiently well veri- 
fied to be published. However, as regards 
the expansion of mercury and steel, my 
opinion, which is principally based on the 
experience of e very-day life, is that the mer- 
cury moves before the steel, in the ordinary 
Graham pendulum, by any change in the 
temperature, and especially if the change be 
sudden. This is also the opinion of other 
practical men of the present day ; and if we 
go back eighty years it was also the opinion 
of inen prominent in the profession at that 
period. Troughton's mercunal pendulum is 
based on the supposition that the mercury in 
Graham's pendulum is too readily affected by 
changes of temperature ; anl the sole aim ot 
Troughton was to ke( p the mercury as much 
as possible from the direct iiiilumco of the 
surrounding atmosphere, aud it is j^aid clocks 
with this pcnflulum pciTonu very ^vcll. 

I need scrrccly rcmii.d you of the fact that 
if we take a nuuiber of uniibrmly well made 
clocks, with Graham e^capements and uncom- 
pensated pendulums, with metallic rods of 
precisely the same length, and each rod com- 
posed of precisely the same quality of the 
same metal, and set them running independent 
of each other, but all going exactly under 
similar circumstances, no two of them will 
keep exactly the same rate ; they will neither 
lose exactly the same in wanu weather, nor 
gain exactly the same in cold ; and none of 
them will gain or lose as much as they ought 
to do, theoretically, for the amount the pen- 
dulum has been lengthened or shortened by 
the various changes in the temperature. !N"ow, 
from this does it not seem probable that the 
vaiiable friction Mhich the Graham escape- 
ment presents to the free excursions of an 
ordinary compensated pendulum, alTccts in an 
irngular manner part of the compensation 
that the raercuiy gets credit for ? Take away 



the resistance of this escapement to the free 
vibration of the pendulum, and immediately 
the necessity for more mercury becomes 
visible. My suspicions in this matter were 
first aroused, not by the reading of books, bnt 
by the behaviour of several clocks having their 
pendulums less under the varying influence 
of the mechanism of the clock than the pen- 
dulums of any other clocks in existence, so 
far as I have been able to learn. I notice that 
the same phenomenon has been obser>edin 
England, only in a less degree, because the 
pendulums were not so free from the varying 
influences of the mechanism aB the pendulums 
I had an oppoilunity of observing. 

"Whether mercury expands six times or six- 
teen times more than steel, and if the centre 
of oscillation be raised up by the expansion 
of the mercury as much as it has been let 
down by the expansion of the rod, and vice 
versa, and if the action of both be simul- 
taneous, why is it that a column of mercury 
eight and a half inches long, and about two 
inches in diameter, is not sufficient to com- 
pensate a free pendulum, although the jar, 
which is of iron, is no heavier than is neces- 
saiy to secure strength enough to contain the 
mercury ? The opinion that there is a neces- 
sity for a longer column of mercury, in order 
to effect a perfect compensation in a pendulnm, 
is veiy general. However, I am inclined to 
think that the more we follow popular ideas, 
and the longer we make the mercury column?, 
the more we violate the laws and principlis 
upon which the motion of the simple or id.-al 
pendulum is based ; but I will say more on 
tliis ]»oiiit as I proceed with these nmaiU 
This is one of the reasons why I desjjair that 
we shall ever be able to make any improve- 
ment that will be of any practical value upon 
Grahiim's pendulum. Various improveiucuta 
upon Graham's original plan have been sug- 
gested and adopted very extensively of late 
years ; tut, impeiiect as Graham's plan i?, 
looking at it from one point of view, in prac- 
tice it compares favourably with any that arc 
popularly considered to be superior in some 
I points of their construction. Should this 
I assertion be doubted, I can produce well- 

■ authenticated rates of the running of different 

■ clocks havinj; movements with Crraham's dead- 
' beat escapement, in every respect the same 

in construction and equal in workmansLip, 
but having mercurial pendulums all diffennt 
i:^. construction; and the clock, having the 
pendulum the same as Graham made it, nins 
as regular as any of the other clocks having 
mercurial pendulums of a mcH'e modem con- 
struction. If there be any superiority in the 
regularity of any of the rates of these clocks 
it is iu favour of the one with the old Graham 
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tiliim ; and, although all the clocks run 
gnlar as any clocks do, none of them run 
that absolute regularity that is so much 
ed for some purposes, 
vnll now proceed to make some further re- 
s on your own pendulum. You still od- 
to the belief that there is a difference of 
lerature amounting to as much as seven 
ses Fahr. for every three feet, from the 
to the ceiling, in rooms heated by stoves, 
customary in Qermany, and that this 
; difference is based upon natural laws. 
lese laws be universal w6 ought to see 
evidence of their existence in the United 
«, because stoves arc also used to a very 
: extent in this country, and in smaller 
a the ceilings of the rooms generally are 
igh. In addition to what I have already 
d on this subject in my first notice of your 
alum, I may mention that a short time 
[ had the curiosity to try the experiment 
r the most extreme conditions I could 
selecting a room with a low ceiling and 
little, if any, ventilation. The room was 
id by a close stove, and the greatest dif- 
ice I could find in the temperature was 
k degrees Fahr. in a distance of ten feet. 
, I am inclined to give considerable weight 
ny observations made by such a distin- 
iied person as Mr. Kessels, of Altona. I 
seen an astronomical clock that bears his 
3, and which is in use in the Unik'd States 
t Survey, and I will say that, for a port- ,' 
dock, designed for field service, I never 
one where more sound judgment was dis- 
cd in every detail of its construction, and 
I not inclined to think Mr. Kessels to bo 
ntleman likely to jump at a conclusion ; 
as one of the readei*s of the JounNAL, I 
d rejoice to see his memoir published in 
\ pages. 

though you state that the length of your 
alum is no mistake, as I supposed it to bo, 
with all due deference to your statement, 
nnot think that it will beat seconds, 
)ut some further explanation ; and I base 
onclnsions upon the following calculation, 
total length of your i>endulum is 48.43 
8, but for simplicity I will call it 48.5 
«, from the point of suspension to the 
m of the four mcrcuiy cylinders. I will 
iraw aline through the centre of the rod, 
the axis of suspension to a point 39.2 
8 below this axis, which is about the 
ICC the centre of oscillation of the pen- 
a should be from the axis of suspension, 
der to make it beat once in a second ; 
qncntly, the point at the end of tliis line 
[ have iawn will bo 9.8 inches from the 
t wrtivmity of the pendulum. The four ^ 
127 o^tfaidci^ ar6 17.7 inches high, the 



half of which is about 8.8 inches. Take 8.8 
inches from 9.3 inches, and the point at the 
lower extremity of the line will be .5 of an 
ii ch above the centre of the mercury cyUnders. 
Without taking the weight of the rod into 
consideration for the present, this point will be 
very near the centre of gravity of the bob, and 
not far from its centre of oscillation. There 
is, however, about 30 inches of the zinc pen- 
dulum rod extending above the mercury 
cylinders, and, as this rod is .69 of an inch in 
diameter, its weight must be very consider- 
able, and xvill tend to raise the centre of oscilla- 
tion of the whole mass which composes the 
pendulum a considerable distance above the 
point at the end of the line I drew down 
through the centre of the rod, and conse- 
quently the pendulum will not beat seconder, 
according to my way of thinking ; but I will 
be pleased to learn if all the figures in your 
first communication are correct, and if they 
are the dimensions of a pendulum actually in 
operation, and which makes exactly one beat 
in a second. 

I tliink you misapprehend my meaning as 
regards the inference I drew from the email 
weight sliding on the pendulum rod, which 
was much used as a means of regiilation in 
clocks in former years. It is true that this 
weight will influence the rate in opposite 
directions, according as it is placed above or 
below the oscillation, but the rate of the clock 
will not bo influenced in proportion to the 
distance the weight is moved from the centre 
of Occillation. In a pendulum where the 
mutt«:*r which composes it is distributed in the 
same ])roportions as in an ordinary Graham 
pondulum we will suppose a small weight of 
a certain size, constructed to slide on the rod, 
and at a distance 35 inches from the axis of 
suspension it causes the clock to gain 4 seconds 
per day. If we slide the weight 5 inches 
nearer to the axis of suspension the clock will 
gain nearly 8 seconds x)er day ; 5 inches more 
and the gain will be nearly 10 seconds per day; 
5 inches more, which will bring it to a point 
about 20 inches from the axis of suspensioUi 
and the rate will be only 1 1 seconds per day 
gaining ; the next inch will produce on differ- 
ence. At 15 inches from the axis of suspension 
the rate will be reduced to 10 seconds per day 
gaining; 5 inches farther up, the clock will 
gain 8 seconds per day ; another 5 inches, and 
it will gain only 5 seconds per day ; and when 
the weight is one inch from the axis of suspen- 
sion the clock will gain about one second per 
day. If we suppose the rod to extend a few 
inches below the centre of oscillation, and the 
sliding weight transferred to this rod, the 
effect of moving the weight will bo more 
visible than it was when it was above the 
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centre of oscillation. From this statement we 
get an idea of how many contending forces are 
operating against each other in the material 
pendulumi and that these opposing forces 
increase in proportion as we depart from the 
ideal pendulum. 

In mentioning this subject previously my 
aim was to show what would be the result if 
you could carry your mercury columns the 
whole length of the pendulum, in order that 
they and the rod should be influenced the 
same by any change in the surrounding 
atmosphere. It is plain that, the expansion 
of the mercury having a different value as it 
ascends the rod, the object you aim at in con- 
structing your pendulum would thereby be 
defeated. In your last communication you 
Bay : " But suppose the jars of my pendulum 
to reach from the bottom to the top of the 
pendulum, will not the centre of oscillation be 
in the middle of its length then, and wiU it 
not remain there if the compensation is cor- 
rectly calculated?" I would beg leave to 
suggest that in your pendulum the centre of 
oscillation cannot remain in the some place 
by changes of temperature. If the jars 
extended the whole length of the pendulum 
the centre of oscillation would bo somewhere 
about the centre of the mercury column and 
about the neighbourhood of 24 inches from the 
point of suspension, which would make it too 
short to beat seconds ; consequently, it would 
be necessary to increase the length of the 
pendulum to an enormous extent to get it to 
beat seconds ; and all the conflicting forces I 
have already hinted at would be proportionally 
increased. 

I admit that the shape of a body has an in- 
fluence upon its passage through a fluid me- 
dium, but a cylinder may bo supposed to have 
a surface favourable to an easy passage through 
the air; and it is only cylindrical-shaped 
bodies that are supposed to be in the question 
at present. You have four long small 
cylinders in your pendulum, and your aim is to 
have them entirely surrounded by the atmos- 
phere, with the idea of facilitating the 
expansion or contraction of the mercury with 
which they are filled. In accordance with 
Galileo's theory, that bodies of the same shape 
and density, without regard to their size, meet 
with the same resistance passing through the 
air, I still claim that mie of your four small 
cylinders meets with as much resistance iroia 
the atmosphere as Graham's large; cylinder 
does ; and if you suppose the narrow enclosure 
of a clock case to be different from the open 
air, you must remember that Graham's pendu- 
lum is in the same condition as yours in this 
respect. 

I hope that this discussion will continue and 



be carried on in language easily comprehended 
by the readers of the Joukital. I would be 
stating a falsehood, were I to say that I did 
not wish to get the best of this argument; 
still, my main object is to be able to see my 
ideas as others see them, and get at the truth. 
I am open to conviction, and if you can show 
us a rate of a clock having one of your pendu- 
lums, which is better than the rates of clocks 
having Graham pendulums, or pendulums of 
any other construction usually employed on 
standard clocks, or by any process of reasoning 
that yours has the advantages you claim for 
it, I should be most happy to acknowledge it 

CLYDE. 



The Americans, who are always congratu- 
lating themselves on the possession of big 
things, are now congratulating themselves on 
possessing " what is probably the most 
powerful telescope in existence, or that has 
ever been constnicted." The new instru- 
ment, which has just been mounted at the 
United States Naval Observatory in Wash- 
ington, at a cost of £8,800, is a refractor 
with a steel tube 34 feet long, and an object 
glass 26 inches in diameter. It is described 
as being so admirably poised that "the 
pressure of the finger is sufficient to turn it 
in any direction," and a clockwork, driven by 
a small water wheel, ** causes it to follow the 
motion of the heavens with perfect precision." 
It is, of course, admitted that there arc half 
a dozen reflecting telescopes of larger dimen- 
sions than the new refractor. Tliat of Lord 
Rosse, with an aperture of six feet and a 
length of sixty ; that used by the elder 
Herschel, and that belonging to the Melbourne 
Observatory are well-known exami)U'S. 
Still, for observatory work, the superioritr 
of the refractor to the reflector is so great 
that the size of the enormous instruments 
named is compensated by the power of that 
recently erected at Washington. Among 
refractors Mr. Ncwhall, of Newcastle-on- 
Tyne, was, we believe, till now the owner of 
the largest in existence, his instrument hamg 
an aperture of twenty-flve inches and a length 
of thirty-three feet. It is a question, there- 
fore, whether the addition of an inch and a 
foot respectively to the aperture and length 
of the American refractor was not made solely 
with a view to its becoming **what is pro- 
bably the most powerful telescope in existence, 
or that has ever been constructed," If this 
is so, however, Mr. Ncwhall will soon be 
avenged, for the same paper which describes 
the new instrument announces that the firm 
which constructed it is engaged on another, 
*'in all respects similar." — The Gfiobe. 
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FOR THE CONSTRUCTION OF ASTRONOMICAL, NAUTICAL, AND OTHER EXACT TIME MEASURERS. 

(By urban JURGENSEN.) 



(Continued from Page 12\,) 
SECTION III. 

rSATIOir BY UEAKS OF THE BaLAITCE. 

Besisiance of the Aie to a Comten- 
•ir Balakce. The Isochbonism op the 

[JJLTIONS OF THE BALANCE. 

)st complete compensation is that which 
ined by means of the balance itself, 
rough this alone can we hope for an 
Eind regular performance in changing 
atures.* The principle of the compcn- 
yj means of the balance is both simple 
genious, for heat, which would make 
illations of the balance slower, dimi- 
at the same time the diameter of the 
jsation balance ; but as smaller balances 
nore quickly ; in this way a complete 
Lsation is brought about. Cold, on the 
hand, would make the oscillations 
but as at the same time it increases 
mieter of the balance, it causes its 
ions to be slower, so that here also an 
ompensation may be obtained. Fig. 20 
the compensation balance ; e a and e h 

the arms of 



Fig. 20. 




the balance, 
which carrv 
the bows a 
c and b d, 
which are 
concentric 
with the 
axis of the 
balance, and 
near their 
ends carry 
the weighte 
c&ndd. The 
bows a c and 
b d are each 



eral well-known artists, as Ferdinand Ber- 
ad lliomas Madge, believed it possible to 

the compensation of the balance spring, 
first of these artists eventually abandoned 
thod, and applied himself to the compen- 
eaiu of the balance itself, by which he 

great exactness. 



formed of two metals, having different expan- 
sibilities, of which the inner metal, or ttie 
one nearer the axis, expands and contracts 
less in heat and cold than the outer metal. 
From what has been said before (p. 114) of 
the composite metal rod it will be easily 
understood that the effect of heat will be to 
bring the compensating weights c and d nearer 
to the centre of the balance, whilst cold wUl 
have the opposite effect; and by these move- 
ments we can compensate for the action of 
changes of temperature. 

The compensation will be stronger or weaker, 
according as the compensatiDg weights are 
nearer to, or farther from, the end of the com- 
posite bows, and according as they are more 
or less heavy. The further the weights c and 
d are moved towards the end of the bows the 
larger will be their motion in changes of 
temperature, and as they approach towards 
the centre of the balance or recede from it 
the balance in effect becomes smaller or 
larger. Heavy weights also bring about a 
grea[ter compensation than light ones. We 
thus see that wc are in a position to make 
the compensation stronger or weaker, as it 
may bo required, and if we found, for instance, 
that the compensation was too strong, we 
should have nothing more to do than to draw 
the weights c and d back towards a and b ; if, 
on the other hand, the compensation were too 
weak, we could overcome this evil by pushing 
c and d further from a and b ; but if this 
were not sufficient, we should have to make 
the compensation weights heavier. The screws 
aia and by which are in the direction of 
the arms of the balance, serve for regulating 
the times of its oscillations ; if these are 
screwed in towards the centre of the balance, 
the oscillations become quicker ; if they are 
screwed out from the centre, the oscillations 
become slower. Fig. 21 shows the cock 
which holds the regulating screw. Fig. 22 
shows both cock and screw. 



I 



* Trantlated from the Chrman, by Mr, Oeorge 
Mayer. 
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Onlyby repeated experiments, afldaoinctimos 

long nucl ift'earisome trials, 

Pan wo achieve a perfect 

conipensiitioii, I' ' ~ 

■^ (J eient htrc to explain the 

action of the compensation. 

In a future number we 

" ,m- shall return to this most 

ii |^j;M importontsuhjcct, andwill 

_ yus^sfi ^jjyjj explain in great( 

cU'tuil the methods of 

adjustlDg. 

Compensation balances 
demand the greatest 
^ in their construction. The 

" different parts which are 

opposite to each other must be of exactly the 
eame thickncBS aad weight, and the composite 
segments must bo throughout concentric 
Vith the axis of tho balance ; they mast also 
bo of exactly the same length, and the com- 
pensation weights must be placed on them in 
6Ueh a position that tho portion of the circle 
from tha middle of one weight to the middle 
of the other is just half the circumfcrcDCc of 
the balance, or, what is the same thing, 
the two weights must lie in exactly the same 
diametrical lino. Without rcgartl to these 
rules it is impossible for the balance to retain 
ita equipoise in different temperatures, for, as 
may be supposed, if the hiilance is poised in a 
ineon temperature tho une^jdal motions of the 
Bcgmeufa in u higher or lower degree of 
heat will bring ouu of the compensation 
weights nearer to the centre of the bah 
than the other, and the bidauco would thus 
he no longer in equipoise, nliich w luhl Imv 
tho most pemitious eiTeet upon tho going of 
the timcpiicc, piirticularly if it nere coiiied 
first, und afterwards used in a horizontal 
position. Tho weiglits c and d are, as _wc 
nave stated, caniid by the compensating 
segments, which go in grooves in tho weights, 
oa seen in Fig. 23. These grooves must bo of 
such a breadth that, whilst there is no loose- 
ness, the weights must still slido upon the 
balance without requiring considerable force 
to move thcni. Tig. 23 olso shows the screw 
by which the weight is fixed in the desired 
place. 

With regard to the choice of the metals of 
which the compensation balance is formed, it 
is, aii we have rcmai'fced, right to employ two 
possessing the most opposite degrees of ex- 
pansion, so as to get n sufficient motion of the 
Begments of tho balance. Steel and brass 
ure giuernlly used, and if the sttel is haidened 
tho balance is more Eolid and better retains 
its form, und thci'e is, besides, not so much 
ilangtT of bending it. Some watchmakers 
huro fonncd th« compensating lim of plutinam 



and brass, but this method, though very good, 
has not been generally adopted. It is, abovd 
all, necessary that the two metals of which 
the rim is formed should before being joined 
be perfectly clean in everj' part ; for if there 
were not tho most complete adhesion between 
them irregularities in their motion would re- 
suit, and, consequently, also in the going of 
the watch or chronometer. Tho method of 
melting tho brass upon the steel is the one 
praciscfl in England, and this method is good. 
We can also attach the brass to the steel by 
soldering ^vith silver, and this method i« at 
least as good as the first, if we are carefol 
that the silver solder, which is between the 
brass und steel, is of equal thickness in every 
part of the rim of the balance.* 



* A Tcry celebrated Bngliali watchmaker bu 
stated that the method of Holdering tiie parU of the 
balance together is a, bod one, Bod the re«soa he 
gives for that Maertioii is that the metal whkli ii 
used for soldenng tbe two plates together fonat 
it«clf a third plate, the aotioa of which, in IiMt 
or cold, is qutchcr than that of the two othsn. 
(This dooa not seem very dear, but he probiblf 
meniu by QvicxKa Acnov a greater oxpaiuionDr 
eonlrnotion in heat or cold } Ho conmden thit 
this qiuckcT action interferes with the iddti- 
meat of the rim, bat it only VeqiOKS > litflt 
tboaght to perceive theinexactneis of this idea, fv, 
oa tho plate of solder which is between tho elbtr 
two ban ii greater degree of espauHion than tb 
steel, and lees tlinn tbe br.ita, thi? cannot in tic 
least interfere wilh the motion of the segncnnrf 
tbe rim, a thing which could only Dccnt if tU 
solder bad a greater or lesa degree of oipsniaoa this 
that of buth tbo other metals tugetbcr. It ii, n 
the contrary, to be desired that between the lira 
metals wbioli have tbe greatest difference of cipm- 
sioa we cmUd tlnd a tbiiil, the degree ii! pipingion 
of which sbeidd bo exactly tbo mean of tha olhn 
tivo. If nn aathority for this in required 1 dkA 
only citH Breguet'a Ibermameter, au inBttumcul 
nblcb is mote nensitire than any other thennomeWt, 
thei<pir.ilbandof wbiohisf jrmedof three m<!tal9,lliD 
two outer being platinum and ulvcr, and the middV 
one gold, thecxpanubitity of wbicb liCBLetwem t^l 
of platinum and that of silver. As thia iniitranienti 
constructed in such a manner iastantlyraarka the least 
change of temperature, we may ooncludo thit the 
'>jection that boa been raised uoed not trouble lu 
neb, I'rout my own experience I know very well 
that a soldered balance ia jast as good, if notbctta, 
than a cast balance, and has all the desired aensitin- 
ness and regularity uf action. My portable metal 
tbenbometers had already sbown that the method si 
soldering the eompensatiou bar was a buceeasful oiu< 
1 bavQ made HOTeral buudreda of these instnuuenl^ 
all of which have hUvcr-soldered bows ut hnrJcnd 
Bicel and brass: their senBitivcnwa in as great w 
could be wished, ai;d it cannot bedoubted that their 
m in regular, as the band in theeo inrtrnments 
« through a eontidembla space, although da 
■meat of tho compound boW is very Bnisil, and » 
tbe slighleiit irragulnrity in its action, if any, wOdM 
be fhown; but tho hand alw»y» I&o^-rt «{th tto 
groaleet regularity. 



AT, 1874.] 



THE HOROLOGHOAL JOURNAL. 



139 



ON BELLS, AND MODERN IMPROVEMENTS FOR CHimNG 

AND CARILLONS. 



[A Paper read before the Members of the Society of Arts. *] 

By GEORGE LUND, Esq. 



(Cantimied from Page 120.; 

HE foundation of the principle is that 
ireo bells should go through the three 
iU changes as detailed in chapter two, 
hile the other bells dodge behind at the 
)mpletion of each six changes, one bell 
)nung down from behind to take its part in 
le dodging. But it is not possible to ring it 
y this plan ; therefore it is necessary to give 
L'rtain further instructions, and before I do 
1 wish to call the learner's attention to the 
act that the treble is no longer the easiest 
3eU to ring, but does exactly the same work 



it drives two or three wheels, ending in a fly, 
to regulate the velocity," this meagre de- 
scription exactly conveying the impression of 
their meagre effects. There are many of them 
spread all over the country in various stages 
of decay. I will only mention three, which 
have come under my own immediate notice. 
The first was, until the restorations were 
commenced, in full force on eight bells at St. 
Alban's Abbey. One tune after another had 
gone to rest, till at last ** The Curly-headed 
Plough-boy " alone remained to tell his tale 
of past glories. He at last has been put in a 
coruer, where some friends of mine, who live 



aa the other bells; this forms one of the great elose to the abbey, lervently hope ho will 
MRculties of the method." Then come the I remain for all time. At Southwell, where 
rales for Stcdman*s principle.^ The work of there is a minster second only to Lincoln 
each beU is described as divided into three Cathedral in interest as a specimen of early 
ptots, viz., the quick work, the dodging, and | ;Xomian architecture, there are chimes. Here 
the dow work, each being minutely described. I the only remaining tune is, *' God save the 
He then goes on to say : ** In short, and for ! Queen." The last I came across accidentally 
the sake of making it easy for learning by at Kettering. There I could make nothing of 
heart, in coming from behind make Srd's ' the tune at all, and ceased to be surprise<l at 
place, lead a whole pull, strike one blow in i it when told by an old inhabitant that I was 
-ad's place, lead another whole pull, muke no exception to the rule. lie was the only 
»^»"*l's place, lead one blow, make JJrd's again, ! poison who know that it was made up of the 
l^^'la whole pull, onu blow in 2nd's, and an- *• {)[{[ Hunlredth " and '* Caller Herring," 
■'-Wr whole pull, make 3rd's, and up, or out." i that they Aver-j the two last surviving tunes 
•^ttir (hsv-iibing more dodging in and out, twenty odd years ago, that they had not been 
^^f turns and whole turns, odd, oven, slow, | played for about that time till two yeanj 



^d quick sixes, he says: '*I have now, 1 
^ope, explained the following terms, and shall 
^;e them hereafter without further explana- 

% :— 

Fiwt and last wholo turns. 
First and last half turns. 
Going in quick. 
Going out quick. 
Going in blow. 
Going out fclow. 



Quick work. 
fiOow work. 
The dodging. 
Odd sixes. 
£ren sixes. 
Slow sixes. 
Quick sixes. 



It is necessary that these terms should be 
horoughly understood before the learner 
ittempta to go further. I do not think any 
if us do thoroughly understand — I can answer 
or myself— and we will therefore take such 
oand advice and dismiss the subject, and pass 
*n to another use to which chinch bolls have 
teen put, viz., for the playing of tunes npon 
hem Ly machineiy. These machines have 
AMU most aptly described as *' rather lough, 
he barrel end has a rope coiled round it, :md 



siuci!, when the machineiy was put in order, 
and he supposed that in the interval they had 
got so inextricably mixed up together that 
separated they could not be. He thought it 
would have been better to have left them 
alone. We did not disagree upon the point. 
^0 doubt there are many machines constructed 
iipon the old principle, which continue to play 
the music as well as ever they did, proper 
care and attention having been always bestowed 
upon them ; but bad is the best. If any one 
should wish to hear a melancholy exhibition 
of what such machinesof comparatively modem 
construction can do, let him go and hear the 
lloyal Exchange chimes play at nine a.m. and 
six p.m. Can nothing be done to remove the 
reproach that the wealthiest city in the world, 
at its lloyal E.x.change, presents such a con- 
temptible specimen of discord? 

We now come to the more immediate sub- 
ject of this paper, hemispherical bells, and 
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modem improvements in the machinery for 
carillons and chimes, and I would wish it to 
be distinctly understood, that I do not for one 
moment desire to be understood to say that 
this shape of bell will supersede to any great 
extent the church bell shape, or that the 
power of the tone of one is to be compared to 
the power of tone of the other. In the 
hemispherical shape, a 4^ cwt. bell will pro- 
duce the same note as 25 cwt. in the church 
bell shape, and it is quite obvious that 4^ cwt. 
cannot produce the same volume of sound as 
25 cwt. Moreover, these bells cannot be 
swung. But what I do say is, and my firm 
have proved it in practice, that hemispherical 
bells can be used most advantageously in 
places and spaces of peals of eight and more, 
with all the machinery necessary to produce 
the required effects of change ringing, quarter 
striking, and tune playing, where the other 
shape could not have been used, first, for 
want of space, and, secondly, in many 
instances a most serious consideration, on ac- 
count of the cost. 

That they and our machinery will prove 
useful in providing for a want which has been 
greatly felt of late years, viz., the supply of 
bells and filling the place of ringers in neigh- 
bourhoods where they are not to be found, I 
have no doubt whatever ; and I am fJso of 
opinion that a very large field for their use 
exists in towers and turrets attached to coun- 
try mansions. Their sweetness of tone is 
eminently suited for this purpose, as all the 
charming effects of bell music maybe obtained 
from them without the tinkling sheep bell 
sound of light peals, or the impossible expense 
and overpowering sound of short distances of 
peals of the ordinary shape, sufiiciently heavy 
and deep in tone to give good effects. 

It is not proposed to enter in this paper 
into the question whether or not hemispheri- 
cal bells are constructed on scientific prin 
ciples. I cannot really tell you upon what 
principle they are constructed. I have never 
put the question to the founders of them, for 
the (to me) satisfactory reason that I do not 
believe they would tell me if I did. At pre- 
sent I have quite enough to do to make use of 
them when made. All I propose to do is to 
give some information respecting accomplished 
facts with regard to them and the chiming 
machinery which we have made and are 
making, under the patent of Mr. Imhof, taken 
out on the 29th September, 1866 — informa- 
tion which we have ventured to think may 
prove to be interesting to our fellow-members 
in this society. From time to time we have 
applied them in isolated cases to clocks with 
invariable success, but it was not till 1870 
that we had an opportunity of ordering a peal 



of 16 for a tower at Colonel Tomline's, Or- 
well-park, a few miles from Ipswich. Messrs. 
Mears and Stainbank, who have given great 
attention to the founding of hemispherical 
bells, cast them for us with the most perfect 
success. The smallest in the peal is 1ft. 4in. 
in diameter, and weight 3qrs. ISlbs., from 
which they run down to the lowest in the 
peal, 3ft. iin. in diameter, which weighs 6cwt 
19lbs. The hour bell is 3ft. B^in. in dia- 
meter, and weighs 9cwt. 2qr8. 5lbs. The peal 
is in the key of E flat, with two half notes, 
the key which we consider best adapted for 
bell music, and was the first of that number 
and size ever cast. The whole weight is 
about two and a-half tons, and the beUs are 
arranged in two tiers of wooden bell-frame, 
the cranks leading to the machinery being 
placed in the centre of the two, and leading 
right and left. The whole is contained in a 
space 7ft. 9in. by about lift, high, tieraborc 
tier, each bell in its own compartment, so as 
not to interfere with, or stifle the sound of, its 
next door neighbour. "When the bells arrived 
at the foot of the tower, it was unanimously 
considered by the builders' employes engaged 
on the estate that the tower woiild not hold 
them, but, to the intense astonishment of every 
one, the bell-frame and the bells were aU 
fixed in their places in less than a week, with 
two feet out of the nine unoccupied. Our 
first object in undertaking work of this kind 
is to see the place the bells are to go in, and 
then to obtain from the architect of the build- 
ing tracings of tho bell- chamber. "We then 
design and carefully draw to scale the bell- 
frame and bells, knowing approximately their 
dimensions, so that they are as good as placed, 
for all practical purposes of construction, in 
the tower before they are actually cast, and 
we are then able to state with the greatcgt 
accuracy what sized bells can be used. The 
facility with which these bells can be fixed 
in their places is one of their numerous re- 
commendations. A hole is drilled through 
the crown H of an inch diameter, and through 
this and the cross-beam of the bell-frame 
which is to carry it is passed a bolt, secured 
by a nut and washers, and in this way each 
is fastened to its own beam, upon which are 
fixed the hammers and counter springs to pre- 
vent chattering in the blow, so that falling, as 
it does, from the centre of the bell, the full 
force of the blow of the hammer falls upon the 
bell. The machine which we manufactured 
and applied to these bells chimes the Cam- 
bridge quarters the same as the Westminster 
clock, and plays one of seven tunes twice 
over or not at will, each third hour with one 
weight and one train of wheels, but does 
not strike the hours. A clock being already 
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iras ihonglit desirable to alter that 
»arpoBe. It may be here observed 
re maHng, by gracious command of 
jsty the Queen, a machine for St. 
iTictoria Park, which does all three 
weight and one train of wheels, a 
>n of which I shall give later on. 
nt under which these machines are 
ured is the solo invention of Mr. 
nd consists in the discharge of the 
upon the bell by means of a pin in 
L barrel, and the provision of a cam 
) again raise it to the catch from 
i was discharged; thus doing away 
J difficulty which is experienced in 
ig the wear of the pin in the barrel, 
3nd of the lever in the old principle, 
te hammer is raised by the pin in the 
cting upon the end of the lever to 
le hammer is attached, and so lifting 
[lowing it to again fall upon the bell, 
:e the blow ; thus from the very first 
jcts from wear arise — the pin and 
th wear, and the time of the music 
ight of the hammer are consequently 

1^, Imhof s plan is now universally 
edged to be the only one suitable for 
pose of chiming machines, and has 
3lied by Messrs. Gillett and Bland, of 
' (the only persons besides my own 
have a right to use it), to several 
achines, notably at Worcester, Roch- 
nd Bradford. No doubt many im- 
jnts have been made since Mr. Imhof 
i the first machine, and I am sure he 
idily admits it, but at the same time 
b should not be lost sight of that to 
ne is due the credit of inventing the 
jag of the discharge of the hammer from 
ing pin, and it is this which constitutes 
nspring of all the improvements which 
Ben from time to time introduced 
Gillett and Bland (like my own firm) 
advantageous, I believe, to apply Mr. 
J system in combination with additions 
difications planned especially by them- 

I shall abstain from attempting the 
ion of their methods, in the hope that 
f, at some future time, hear this much 
ione in a paper by one of themselves, 
would not fail to be an interesting and 
le contribution towards the elucidation 
subject. 



Ssjiit^xi io M Mitux, 



All letters to be addressed to the Editor, at the 
Instiiate, 35, Northampton Square, E.G. 



MR. DENISON'S SPEECH AT THE 
MANSION HOUSE. 



LY in the present century there was in 
wn of Tetbury, Gloucestershire, a very 
t market-house, in front of which was 
I with a very curious and elaborately 
. oaken dial-plate, with this motto :— 
stant setema Caducis." 



To the Editor of the Hobological Joubkax. 

Sir, — The address delivered by E. B. Deni- 
son, Esq., LL.D., Q.C., President of your 
Institute, on the occasion of the distribution 
of the prizes awarded by the judges of the 
late horological exhibition in London, came 
upon the readers of the Journal in this and 
other American cities like a sudden thunder- 
clap. The sentiments expressed throughout 
the entire speech, so thoroughly at variance 
from what we would expect fi^m the Presi- 
dent of a horological society upon such an 
occasion, surprised, and even shocked, many. 
The speaker, while arguing for the necessity 
of more brain work, entirely ignores that kind 
of labour which requires the use of the hands 
in addition to that of the brain, and, instead 
of giving his moral support to the develop- 
ment of those nice manipulations which are 
so essential in watchwork, when the ability 
to execute them is so scarce, he ruthlessly 
tramples obscure and patient merit in the 
dust and styles the making of chronometer es- 
capements mere fingerwork. 

In the course of his remarks your President 
asks, ** Will any man in this room venture to 
say that a watch will go the smallest degree 
better or worse, whether its pinions are faced 
or not, or whether the wheel faces are polished 
or the screw heads left grey ? " Perhaps this 
invitation does not apply to me ; but, as I am 
a constant and an appreciative reader of your 
Journal, I claim the privilege of criticising 
what I see in your columns, and would now 
briefly refer to a few of the points advanced 
by your President on the occasion I have 
reference to. 

There is no person who will deny that if the 
acting parts of a watch be made as they ought 
to be made, that the watch for a time will go 
just as well whether the other parts be polished 
or not. However, there is another view to be 
taken of this question. A watch that is 
polished in all its parts is less liable to coUect 
dirt, and easier cleaned, than one that is not 
polished. Polished steel is not so liable to 
rust as steel that is not polished, and hard 
steel will not rust so readilv as soft steel. 
At the present time it is needless to examme 
into the reasons for this. The most superficial 
observer must have noticed that such is the 
fact; and therefore I admit it as a feu^t which 
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cannot be contrndicted, and base my argu- 
ments upon it. 

A quantity of dirt or dust that would have 
no perceptible influence on a tower clock 
would be injurious in a smalj regulator. An 
amount that would not affect a regulator 
would be fatal on some parts of a marine 
chronometer, and impunties that would per- 
haps not have a perceptible effect iipon a 
marine chronometer would exercise a most 
injurious influence on a pocket chronometer, 
or on a watch. Therefore, in proportion to 
the power or delicacy of the instrument the 
necessity for favourable conditions for cleanli- 
ness iiKTcases. 

Your President claims to have reduced the 
cost of constructing tower clocks by using 
cast iron wheels as a substitute for those made 
Irom brass or other compositions, and there is 
not the slighti^st doubt but that cast iron 
wheels are cheaper than brass or gun metal 
ones, and that paint is a cheaper and better 
protection for the cast iron -than lacquer is for 
the brass, and is equally good for the purpose. 
There is a wide d&erence, however, between 
a tower clock and a watch. They are the 
opposite extremes of horological instruments, 
and that kind of mechanical execution which 
may be well adapted for the one is totally un- 
suitable for the other. 

"We have one of Dent's small-sized tower 
clocks here in this city, which, I suppose, has 
been constructed according to the ideas of 
your President. I have often admired the 
beauty of the moulded wheels and the 
smoothness obtained in casting them. It 
occurs to me now that the price of these 
clocks might bo still further reduced by using 
rougher castings and daubing them over with 
coal tar, which is cheaper than paint. Per- 
haps some people will say that this would not 
be an improvement, but I will maintain that 
it would be an equal improvement tp the 
omission of what your President calls the 
useless polish in watches. But, agaii), some 
people may insist that the skilful mouldpr can 
produce smooth castings just as easily as he 
could make rougher ones, perhaps easier. So 
it is with the skilful watehmaker. He flnds 
no difficulty, and uses but little time, in pro- 
ducing the polish after a grey surface has 
been produced ; consequently, I must insist on 
my suggested imi)rovements in tower clocks, 
if your President insists on his favourite im- 
provements on watches, because smooth cast- 
ings and flnc paint do not improve the going 
of the clock. Will any man in the world 
venture to say they do ? 

It ^pears that on some other occasions 
your President laughed at the importance 
attached to facing pinions, and at tha^ time 



asked, and he now asked again, '' How many 
people in England have the most remote idea 
whether the pinions of their watches are faced 
or not, or even what it means ? " Kow, this 
looks more like talking to a meeting of 
*' duffers" than reasoning before a body of 
intelligent watchmakers. If we are not to 
face pinions simply because the owners of the 
watches cannot sec the work, on the same 
principle we might save the labour of ham- 
mering the brass, and even omit hardening 
some parts of the steel work, because the 
general public eininot toll the diflerence hy 
looking at it ; or that a botch may substit^ib^ 
brass for a jewel when the broken jewel is in 
a position >v]iero it is not seen, or that the 
stop work of a Swiss watch may be removed 
when it is oat of onler, instead of repairing 
it. It is one of the unfortunate circumstances 
connected with our profession that the majo- 
rity of the wearc.s of watches understuid 
nothing about them, while others may be 
possessed of that little knowledge which is bo 
dangerous. "Watchmaking and repairing has 
to be left entirely to the honesty and con- 
scientiousness of those engaged in the busi- 
ness. The general public can only judge of 
their watches by the results they produce, 
but watchmakers must not omit any labour, 
however trifling it may be, that has a ten- 
dency to produce these results and maintain 
them after they arc produced. In addition to 
the taste displayed in the operation, the facing 
is as essential to cle^mliness as polishing any 
other part of the watch. Observing watch- 
makers must have noticed that when the face 
of a pinion is near to the shoulder of the pivot 
the oil on the pivot stands better when the 
face of the pinion is polished than when it is 
left rough, or even grey, and when working 
under the same conditions otherwise. For 
this reason, and also for the protection of the 
surfaces from rust and for general cleanlinesa, 
it is very important that the £aces of pinions 
in watches should be polished. 

Your President considers that the mechanical 
execution of horological instruments had been 
carried to its highest possible pitch before his 
day, and perhaps it had ; but from the general 
specimens we see executed at the present day 
I would judge that that art was in great 
danger of being lost. In addition to the 
purely scientific department of the profession, 
your Institute cannot engage in a hotter work 
than in encouraging and developing skilful 
hand labour and elevating it to the position 
where it properly belongs ; for what use is 
the educated head without the educated hand? 
There appears to be altogether too much 
antagonism between the scientific and prac- 
tical branches of the business. Talented 
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aoientifio men may conceive ideas, but in all 
matters of detail the practical man is nsually 
the best judge, and no person, whatoyor may 
be his position or his attainments, has any 
right to underrate the value of his services. 

While not neglecting scientific progress, let 
TLB emulate our grandfathers in the quality of 
the work they produced. I do not insist that 
the means used be the same as they used. If 
we can find cheaper and better methods by all 
means let them be adopted, but let us strive 
to do the work as well as they did. As was 
truly remarked by a speaker at the meeting I 
have reference to, the object of your Institute 
should b^ to impart instruction that has a 
tendency to produce good watches rather than 
cheap ones. If really good watches could be 
produced at a cheaper rate than they are at 
present perhaps it might be better for all 
parties ; but there appear to be quite enough 
of influences at work in the world to reduce 
the quality of watches without the British 
Horological Institute joining in the crusade. 

In concluding these remarks I would notice 
a statement made by your President in regard 
to the Westminster clock. He asserts that 
lUa dock " goes better than any astronomical 
clock with the finest dead beat es<*apement 
that waa ever made." Kow, this is a very 
ftrong statement to make about any tower 
clock, but I suppose it is one that is sus- 
ceptible of proof. After all the talk that has 
been about this clock I suppose it is not ask- 
ing too much that an authentic extract of its 
nte for the period of a year should be pub- 
lished in your Journal. Let the comparisons 
be as frequent as astronomical clocks are 
usually compared, and let every alteration in 
the luuids or in the length of the pendulum 
of the Westminster clock be duly noted. 
The average rate of astronomical clocks with 
dead boat e8capel^ents is well known, and 
should the rate of the Westminster clock 
prove in reality to be superior to the others it 
will throw a halo round your President's head 
that wUl last for ever. 



CLYDE. 



New York, U.S.A., 
March 26, 1874. 



8iu, — As non^ of your correspondents havQ 
as yet taken any notice of the speeches given 
at the Mansion 9oi,iae, when the prizes were 
distributed to the eidubitors at the Horologi- 
cal Institute, I ti^ %hQ liberty to. solipxt 
space in the c/btfrvA^ioyraiew remarks^ looping 
uid wishing thiii th» snbject will be taken up 
and well considered. I believe that it was 
by Mr. Denison that to polish sorews and 



pivots to great perfection was of very little 
use in watchmaking, and at any rate did not 
deserve a prize. I think it is of vital import- 
ance to the British Horological Institute, and 
to English watch and clockmakers. that every 
opportunity shoiild be used to impress upon 
the minds of those who are to be watchmakers, 
that they can only learn the art by many long 
years of constant practice, and that great per- 
fection in turning, filing, and polishing is ab- 
solutely required. As the object of the Horo- 
logical Institute is to advance Horology, it 
should be taken under serious consideration 
if the old mode of teaching was wrong, and, 
if so, what method should be followed. That 
might, perhaps, give watchmaking one little 
push in the right direction, and for the reason 
that the art of watchmaking has not advanced 
much, to say the least, in England in late 
years. I know that it is said that, considering 
the time and trouble it takes to learn the trade 
of watchmaking, and the little that can be 
gained by it, it is of no importance if the 
business should leave the country altogether. 
The Horological Institute, however, can not 
look upon the question from that point of view ; 
besides, watchmaking is an art so important 
that I think it would be well if something 
could be done so that apprentices could be 
obtained of a class different from those who 
now generally attempt to learn the art. One 
of the means to moke good workmen is to 
encourage good and careful work, and not to 
make the young believe that a good and con- 
scientious workman is not of more value than 
one who can only do rough work. In no busi- 
ness is it more dangerous than in ours not to 
moke a distinction between good and bad work, 
because the public cannot judge. It is cer- 
tainly a fact that good watchmakers are scarce ; 
in fact, it is a rare chance to get an assistant 
now who knows his business. I have had a 
man asking for a situation who had served his 
time in what is considered a watchmakers' 
establishment, and with a good recommenda- 
tion from his master, who, when I asked him ' 
if he could turn a pinion, told me that he 
could not turn at all. " They did not turn," 
he said, * ' in the shop I came from." I sup- 
pose his master thought that it is not neces- 
sary to be so particular as to turn pivots or 
screws — filing them would be near enough. 
I know that it will be said, and, in fact, has 
been said, that wheels, pallets, screws, and 
many other things are better if not filed and 
turned with sharp corners. In a Horological 
point of view it is not so ; besides, that does 
not concern those who are to learn, any more 
than it concerns one who is to learn music 
whether Mendelssohn is a better composer 
than Meyerbeer ox not. I say that the young 
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who are to be watchmakera should have it 
instilled into their mind from the beginning, 
and strictly kept to it, that -natobmaking 
mcana the highest perfection, and should never 
be told that a piece of work ia good enough 
when it could ho better. 

Youra, &o., 

CHRISTIAN LANGE. 



8iB, — I beg to inform you of a little mia- 
take in the last number of the Hordogical 
Jmimal. The chronometer that had the 
highest place at the Greenwich trials, 1870, 
had no auxiliary to the compensation. An 
improved compensation was obtained by 
giving the balance such a form that the 
compensation rima were more than double the 
usual length. By a duo attention to length 
and thickness of the rims, auxiliaries become 
unnecessary. 

I am, Sir, &c., 

F. KNUDSEN. 



Sib, — The article in the Journal for this 
month, by G. Lund, Esq., is a very iatorest- 
ing one, especially 30 to those who are more 
or less engaged in the construction of chimes; 
nor do I think anything could be more worthy 
their attention. No doubt the want of a per- 
fect system of damping in our chime and 
TOUHcal clocks is the great cause of so few 
being made at the present day, and if by 
any means something could be done to pre- 
vent the horrid jingle of the bells, that branch 
of our trade might revive. I am persuaded 
that nothing could be sweeter than music 
from bells if bass notes and runs could be 
introduced free from a confusion of sounds, 
and, as damping after each note has rung out 
its proper tunc is the one thing wanted, I 
wish to offer a suggestion which, in my hum- 
ble opinion, would have the desired effect. 
Now, for simplicity of explanation, I will 
sunpose the barrel is of such size as to allow 
a apacG of -^s inch for the shortest note, and 
that a quaver — time 3 crotchets in a bar — the 
space required for a crotchet is double that of 
a quaver, and would, therefore, bo ^ inch ; 
but there is in the tune here and there a 
dotted mi n i m forming a whole bar, and the 
space of a minim would, of course, bo f inch ; 
here comes the difficulty, viz., of allowing 
the note to sound whilst the barrel is going 
through the required spaces, and then to 
cease instantly, and this, I feel assured, could 
be done effectually by applying an additioual 



barrel running by means of one wheel of the 
same number and size attached to eooh ; the 
one in front of the bells to give out the tune, 
the other behind bearing upon it lengths of 
metal, corresponding to the lengths of spaces 
in the tune barrel, which may easily have 
dampers so applied as to keep clear of the 
hell for the proper period of each differing 
note, and instantly fall upon it at the proper 
time, and by tliia means I think we might 
have the sweetest of music from bells. Had 
I time and convenience I should certainly try 
the experiment. 

I am. Sir, Ac, 



Burnley, April 20th. 



H. WIGNAIL 



Wq OlorrfKponditnffi. 

J. G. — We hiota of twthing l»U thestrmff 
articks commenced in the I/ovember numlur ^ 
our own JoitnuU. 

Can any reader furnish me with the addras 
of anyone of wJtom 1 could get a drawn dx 
tube for a clocI:pendulmn?—J. P. 

Wm some reader fiave tite kindne&i to infom 
me, through Uie cotumns of flie Journal, if tk 
best }K>s.iib/e tvay of alknng tlu paSet aiiqk ^ 
a verge without Ute fear of hreaJcing f Ijai 
tftai many verges have t/tc paSd angle eer) 
wide when ifiey ought to be at right an^es. 1 
have altered some by twisting Die verge, but Hal 
is a very risky ioap, so I would like to hme (f 
a safer way 0? dmng il.—C. G. 

/ beg leave to say tliat I had a watch which 
behaved in just the same way as the one refard 
to by " C. U." in the number for March last. 
Everything appeared to be right, except that h 
staff pivots were thick inpropm-tioti fo site ^ 
balance ; these I reduced to a proper sise, pi 
in jewels to suit, ami the watch has gone tedt 
ever sitice, which is three gears ago. — G. S. 
I have lately met with a 30-AffMr cfcat, frm 
~ wkichthestrik. 
ing part had 
bem remnai, 
the mail tm 
of ike mkvi 
sketch. I flW 
a/ a loss tl 
know for Khnt 
purjiose a duck 
icilk stick a 
snailanildhaPi 

been iksigned- 

Perliops i/OH or smui- of yoiiT readers teoiM 
kiadiy inform me. — Tatrvs. 
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ON AN IMPROVED METHOD OP CONSTRUCTING THE DEAD- 
ESCAPEMENT FOR CLOCKS. 



Bt benjamin lewis VTLLIAilT, Clockjiaker io the Qrtxs, &c. 



The Council Lave dc-cidcd, vith the permiAsion 
of Mr. George Tulliamy, to reproduce the 
foUoving eseaj, now unobtainable. The dead- 
HCBpement has for many years held the first 
place as an CEcapenieiit for regulators, &e., 
and indeed is without rival now, if we except 
DeuiEon's three-legged gravity, which ap- 
pears to have been adopted by some makers 
in preference. Some portions of the memoir 
may appear slightly antiquated, but the 
precisiim obtained by Mr, Yulliamy's method 
of manufacturing the escapement and the 
generally scientific treatment of the theoretical 
portion quite justify the Council in giving 
this treatise a place in the standard literature 
of the art : — 

The dead-escapement originally invented by 
{}. Graham, F.R.S., being perhaps practically 
the best clock escapement known, any im- 
provement in the method of executing it, 
ivhcrcbf tho practice is made more exactly | 
to agree with the theory than has hithei*ta , 
been the case, may not he unworthy of notice '■ j 
The principle of the dead - eacapcment is 
well-known ; the motion of the pendulum is , 
maiatniaed by the action of the wheel on the ' 
inclined planes of the pallets, which occupy 
n portion of the are of vibration of the pen- 
dnlnm, e^iual to the angle of the pallets; 
during the remainder of the vibration, the | 
tooth bears on tho circular parts, or rests of 
the pnlletB, which are portions of two circles, | 
concentric with the axis of the verge, or 
centre of motion of the pallets, and conse- 
quently there ought not to he any recoil in ! 
the eacapement, if properly executed. Various 
conatructions and shapes of pallets and pallet- | 
frames, each supposed to possess some peculiar ' 
advantage, have, at various periods, been 
adopted ; but tho whole have been executed ' 
with the file. The construction of the dead- I 
escapement, of which the following is a des- i 
cription, and which I have employed, is, with 
tbe exception of tho inclinfd planes of the 
pallets, and forming the frame out of the 
totiwd piece or pieces, entirely executed in 
the laue; and if the parts are accurately 



groove, A. B, turned 
Pip.. 1 nnd 2.St 




turned with a slide-rest, must, of course, pos- 
sess a degree of prcjision, independent of its 
other advantages, ivhich pallets executed with 
tlie file cannot possess. 

Fig. 1, of which Fig. 2. is a section, repre- 
sents a. circular brass plat^, with a square 
A Ti * ,1 :„ ;. Pig 3^ repre- 
sents a steel 
ring, of which 
Fig. 4, is a 
section, turned 
very exactly 
of width ac'd 
thickness to fit 
perfectly into 
tho groove, 
A B, portions 
of which form 
the pallet?. 
Fig. 5, repre- 
sents the pal- 
let fVamemat'e 
out of tho cir- 
cular piece of 
brass, reprc- 
ecntcl Fig. 1, and L and M.Figs. 2, 5, 
and 8, are two pieces, fixwl with screws to 
tiic frame to retain the pallets immovably 
T.- T . , in the grooves. 
Fip-s. 3 and 4. -p. ^ . - 
Figa. 6 and 7, 

represent each a 
pair of pallet?, 
made of pait of 
the steel ring, 
the one wilh 
short, the othir 
with long, in- 
clined planes; 1, 
2,&3,4,aretho 
inclined planes 
of both pair cf 
pallets. Fig. fi, 
represents the 
pallets placed in 
the frame, and held firmly in their places by 
the pieces L and M. The preferable mode 
of making the pieces, L and M, is out of tho 
extremity of a piece of what remains of tbe 
piece, Fig. 1. after tho pallet -frame is formed, 
reduced to a proper thickness, because the end 
of the piece is of necessity a portion of the 
same circle as the end of the arm. 

In the common construction of pallets there 
is no method of opening and closing the 
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Figa. uud 7. 



pallets to the wheel, but by 

■ tiling tho inclined planes, of 
faees, of tlio pallets to open 
them, and bending the arms 
to cloac them ; to obriato this 
inconvenience, jointed pallet- 
frames have been adopted ; 
but these, unless planned and 
executed with more than 
common care, are as defective 
in principle as in execution. 
In the construction of the 
pallets above described, the 
pdlet-framo is not] jointed, 
but made of a single piece, and there is no 
adjustment in tho frame for opening and 
closing the pallets to the wheel ; but the 
sarao end may be obtained, though not in 
the most perfect manner, by loosening the 
pieces L and M, ^ee Fig. 8,) by which 
the pallets are held fast in the frame, 
and pushing the paJlete backwards and for- 
Fiffs. Sands. wards in the 

groove. This, 
I though infinite- 
I ly better than 
I theoldmethotl, 
I not easy, it 
I being difficult 
I in practice to 
I remove the pal- 
I lets a very mi- 
I niitc quantity ; 
I and to open or 
close the pal- 
lets by tliis 
' mothodjitisnc- 
ressary to disengage the pnllet-frame, and all 
the parts to which it is attached, from the 
frame of the clock, an inconvenience which is 
entirely obviated by the method about to be 
described. 

To remove tliis difficulty, the following 
mode of constructing tho pallet-fromc may be 
adoptctl. It admits of the pollet-frame being 
made jointed upon the same principle, and 
with equal accuracy ; and the opening and 
closing of the arms being regulated by a screw, 
their quantity of motion may bo infinitely 
smalt, and determined to tho greatest nicety. 
For tliis purpose a second piece, exactly similar 
to tho piece represented, Fig. 1, is required. 
8eo Fig. 9, of which Fig. 10 is a section. 

"When the pollet-frome is intended to be 
made jointed, tho sink, E F, represented in 
the section Fig. 2, must be turned in Fig. 1, 
on tho reverse side to the groove, A B, and a 
similar sink, E F, must be turned in tho 
piece. Fig. 9, on the same side as the groove. 
Sec Fig. 10. It is requisite those sinks should 
be exactly the same size, and in depth half 




the thickness of the piece. The two circular 
pieces, Figs 1 and 9, being of eqnal thickness, 
and the sinks each equal to half the thicknesa 
of the piece in which it is turned, it neces- 
Fin- 9 sod I". eorily follows 

that when the 
surfaces of the 
two sinks ut 
brought iop- 
ther, they mil 
eqnal in thick- 
ness the renuis- 
ing part of. 
cither piece. 
That thisshould 
he the case ii 
indispensable to 
the correct per 
formance of t 
jointed pallet' 
frame, made on ^this construction. Perhapi 
the best mode in practice to make thf 
sinks equal, is to tnra a piece of brass at 
n guagc, to let into the pieces, Figs. 1 and 8, 
which will ensure the sinks being in evttf 
respect the same. Tho section of anci » 
piece is shonn, W, Fig. 10. Exactly Idll 
the pallet-frame is formed out of eadl it 
the pieces. Figs. 1 and 9, and the two hotw 
are ru presented, Figs. 11 and 12, and thetm 
put tugether aro represented. Fig. 13. T» 
!. nnd IS, 





Strengthen the long nrms (hateanylhep 

there is to each half of tli-j frame a port 

the original piece left eoncentrie to the mk, 
which forms n connexion between the upper 
surfaces of the long and short anus; and to 
streniithen th<' long nrm it is continued alitlle 
below tiio aim. By this means Uih strength 
of the frame is greatly increased, and th» 
fitting together of tho two arms does not 
entirely depend on the good fitting of the holes 
through their centres, on the steel cylinder, 
or verge, that passes through the common 
centre of the two. This is shown mora plainly 
in Fig. 11, than iu Fig. 12, the whole aorbce 
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of Fig. 1 2, being on the side reprRscnted iu tho 
fignre on one plane, whereas in Fig. 1 1 (on 
the side represented in tho Figure), tho two 
arms and connecting part are on one plane, 
Ond the EUnk part represented by the complete 
circle on another, half the thiclfucss of the 
piece below the upper plane. The manner of 
fixing the pallets to the axis of the verge con- 
necting tho two arras together, and oponiug 
and closing them, is represented in front, Fig. 
15 and in profile, Fig H. A A, Fig. 14, is 
part of tho verge, to which is immovably fixed 
the collet, C, with a long socket ; D is the 
pallet-frame, and G a collar in front of the 
frame. These parts are held together by the 
two screws, X and T, Fig. 15, which arc 
topped into the collar, C, Fig 14, and exactly 
fit the holes they pass through in the collar, G. 
By this means the two onus forming the pnllet- 
frame are held together, and iG'mly fixed 




Utsicon the collet, C, and the collar, 1), and 
wnsequently ottnchwl to the veige, A A. 
U ii to be observed, that the scrcwf, X and Y, 
must not be screwed so tight that tho rcgu- 
bting screw, II, bas not power to overcome 
the friction of the arms of the pallets between 
tbe eoUet, C, and the collar, G, for iu that 
case the whole inU^ntion of the jointed paliet- 
frame would be fruatrated. To enable the 
amu to open and close, there ore two circular 



notches in the same places in each half of the 
pallet-frame, concentric with the centre (see 
Figs, IJ, 12. and 13). through which the 
two screws, X and Y, Fig. IS. pass, and the 
quantity of motion of the arms is detcrmitied 
by the length of the circular notches. Tho 
two studa, F and F, Fig. 15, through which 
the reqiilating screw, H, passes, arc connected 
with the upper arms of the pallets by pivots, 
which pass through them, and are held in their 
places with collets and screws. — See Fig. 14. 
Care must be taken not to screw tho studs so 
tight aa to prevent their turning on their 
centres, otherwise the regulating screw, H, 
will be bound. This screw, H, being of two 
different threads, tho one coarser than the 
other, thereby producing a very fine motion, 
has the effect, when turned in one direction, 
to open the pallets ; and turned in the other, 
to close them. 

The great advantage in this mode of con- 
struction are, 1st, That tho rests of tho pnlletH 
are correct portions of circles, the centre of 
which circles is the centre of motion of the 
axis of th ! verge, and the pallets move in the 
10 circles, and, consequently, there will not 
any rceoil in the escapement. 2nd, That 
pallets must be of equal thickness, and 
eonsequcntly the drop the same on both. 3rd, 
That the pallets may be made perfectly hard, 
if properly treated, without risk of altering 
their shape : and should a pallet be spoiled by 
any accident in hardening, or a flaw or imper- 
fection of any kind ho discovered, another 
exactly similar is easily made to replace it 
out of the original ring. When the pallets 
are made out of the same piece of steel as the 
arms of the frame, it is difficult to, nrcscrve 
their shape correctly in hardening, and to 
retiiin the oeling part of the pallet perfectly 
liord. To obviate this difficulty, the pallet 
has sometimes been made a separate piece, 
with a short arm, by which it is fixed with 
two screws to the arm of the frame ; hut this 
is only to exchange one evil for another, for, 
independent of other disadvantages, which it 
is unnecessary to enumerate, it is very uncer- 
tain, with the pallets fixed in this manner, 
whether or not the rests of the pallets ara 
concentric with the centre of the axis of the 
verge. The slightest deviation from its original 
direction in the arm of the pallet, by hardening 
or any other cause, has the effect of removing 
tho centre of the circle, forming the rests of 
the pallets ; from the centre of the axis of the 
verge to some other place, the consequence of 
which is to render the escapement a recoil 
escapement. 4th, That the mode here recom- 
mended of constructing the pallets, ofiers a 
great facility for making the inclined planes of 
the pallets equal to one another, or of altering 
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then a.i mav bo rcqiiircd ; owl consfqiicntly 
the fliiglc which the jiemliiliim is led by one 
pallet, Tviil be equal to the angle it i.* led by 
the other. 

Fi^s. 14 nnrl 15, as before mentioned, re- 
present tliG jointe'l pMllct-frarae in profile and 
in front, with all its purls eomplete, attached 
to the vers'', ""'l 'hj- pallets in their places. 
To Fig. 15 is odded the scape-wheel, and the 
pallets are represented in tlio situation in 
which tiny will appear, when the wheel has 
led the pallet to tho extremity of the lead. 
The angles of lead (more particularly noticed 
hereafter) of the pallets beinp each supposed 
equal to an anfile of 2°, it follows that the 
pendnhim im le<i 1° on each of the perpen- 
dicular line, P, by tho action of the 
escapement, and that the wheel will escape 
when the pendulum vibrates the smallest 
quantify more than 1° on each side of the 
line it subtends when at rest. Now, sup- 
posing the are of vibration of the penduhim 
to ho 5°, that is 2° 30' on each side of the 
perpendicular, and tho angle of lead of the 
palh'ts 2° ; the tooth of the scape-wheel rests 




extremity of the lead by the action of the 
wheel upon each pallet. In Fig. 15, the 
pendulum is supposed to subtend the lioe 
AT. 

Tho following is a brief description of a 
method by which tho inclined planes of the 
pallets are finished to the required angle. 

Fig. IG represents a brass plate, about 
three or four inches in diameter, the nze ii 
not very material, and about two inches thicl, 
with a groove turned in it similar to the 
groove, A B, Fig. 1. The angles, B A C, uni 
DAE, arc drawn equal to tho propow.l 
angles of lead of the pallets, and in. thb cose 
are supposed angles of 2°. To determiof 
the lino of the face of the inclined pliines ot 
the pallets, from the points, Q and H, wh-.Tf 
the lines, A B and A D, intersect the cslcriM 
circle of the groove, draw the lines, G I and 
H K, which may be considered as chorda sub- 
tending equal arct>, intorsccting the lines, 
A C and A E, at the points, L sod M, 
the inner circle of the groove ; the lian, 6 L 
and H U, may, relAtive to tli« two eneln ft 
the groove, be conndered m wpr ce e n ting thr 
inclined planes of the pallets. Now, im- 
posing that portion of tbe oiuinal piece ct 
brass subtended bythechcod, XT, euirfall]' 
removed, and the snrface made perfeetij id, 
and at right angles t« the tamed face in vUck 
is the f;nave, it foUom that a piece of tk 
steel ring. Fig. 3, one end of whieh has bcfi 
brought, by filing Teiy near to the Kquid 
angle, may he placed in the gmm, nt 
ground and finished in tbe most Mevib 
manner. By tills metliod, the mrfiiCA of tb 
pallet will be madeperfectly correct Tkeettir 
pallet may be finidied by a sinitsz ttM 

It may not be nanecewarf to ehaem, te 
the prescrrotion of the flgiue, tlut tbejmei- 
pal bearings of the tool shoald not oeae k . 
contact with the grinding sarfhce dariaff th 
operation. 



3° on the rests of the pallet', I" 30' on each 
rest, during each vibration of the penduluin, 
the pendulum vibrating an angle of 5". From 
the above, the great importance of the re?te 
of the pallets being concentric to tlie centre 
of motion of the axis of the verge, is suffi- 
ciently obvious. The lino, P., Fig. l.j, 
passing through the centres of the axis of the 
verge and the axis of the wheel, is the line 
the pendulum subtends when at rest, ond the 
lines, A R and A T, forming together the 
angle, It A T, supposed of 2", arc the lines 
the pendulum will subtend, when led to the 



The Emperor Charles Y., who hod a wat<i 
or as some have called it a small taUe-daek, 
in 1530, <m his retirement sobaequentlr ate 
the monastery of St. Juste or Taste, nndsc tk 
infiucnec of a religious monomania, used tont 
after dinner with several on tho tahlo hefim, 
him, his bottle being in the centre; and ea- 
dcavour to amuse his dejected mind by trying 
to make his portable clocks accord — a vdn 
task, OS he found, and productive only of i 
salutary moral reflection on his brain, wiicli 
shaped itself into the following pithy wordi: 
— " What an egregious fool must I havebM* 
to have squandered so much blood and treanro 
in an absurd attempt to make nil men tbinl: 
alike, when I cannot even make a few watck> 
keep time together." 
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OOGLUSION OP GASES BT METALS. ■ mitt.Hl. sugRPstcd to Mr. Graham an inquiry 

(From the " Smithronian Report.") i »« *"*''? Possible absorption of hydrogen ga* 
_ . i »■■> •„ ■, ^ . , . hv platinum. Accordmi^ly platinum,, in dif- 

TnE exponments of Deyille and Troost having , fj^jj^ j.,„ng, .^a-s heated" to redness, and tlion 
made known the canons fact of the per- ; aHowod to cool slowly in a continuous current 
mcability of ignited homogeneous platinum I ^f hydroi.en. The met il so treated, and after 
and igmtod homogeneous iron to hydrogen : jj, ^^ exposure to the air, was placed in a 
gas, and givOT some indication also of the . porcelain tube, wliich was next made vacuous 
ponneabihty of ignited iron to carbonic oxide ^^ ^^^ Sprengcl pump. During the production 
gas, Mr. Graham, in 1866, eorroboratcd the i„^ „j^j„te^jmg„ of the vacuum, no hydrogen 
r«nlU of the French chemists m reference to I ^3 extracted from the metal at ordinary 
platinum; but. modifying their method by ] temperatures ; or even durin? an hour's ex- 
letting the hydrogen pass into a space if Pt I po, Jre to the temperature of 220^ or yet at 
vacuous by the Sprengel pump, instead of ^ j^^.^^ f.^jjj^ .^^ ^j^^^.^ „f r„,nj,,s. i,ut at 
into an atmosphere of other gM, assirailatc-d i ^ ,|„ji rod-heat and upward, a ciuantitv of 

the process to that which ho hud employed in I jjya,.o„en gas was given off amounting in 
hw India-mbber expenmonts. The results he | ^^i^^,^^^ miasure.1 cold, to a. much, in somo 
obtained were communicated to the Royal , ^^ ^^ 5.5 ^■^^^,^ tj,o volume of the platinum 
Society, partly in the paper already referred Thus was opened out to Mr. Graham the 



to " On tho Absorption and Separation of 



subject of his last, and probably greatest, 



Qases by Colloid Septa," and partly m four discovery, tho ocelu.siou of gases by mefads. 
supplemented notices published in the pro- , y^. ' ^^.^^,3 ...^.^^ e.xaminod in their 
ceedings of the society.* In carrying out the • r^.lj^^ij,„3 {^ different gases, but tho most 
mTestigation forming the subject of these interesting results were those obtained with 
sereral communications, Mr. Graham had the I platinum, as above described ; and thoso 
adraatage of bcmg adrairobly woonded by his | obtained with silver, with iron, and, above 
•MuteBt. Mr. W. Chandler Roberts, whose ^j ,^5^,^ paU„diun,. 



able and zealous cv-opcration he repeatedly 
acknowledged in the warmest terms. 

In the coarse of experiments made on the 
transmission of gases through ignited metallic 
septa, a particular platinum tube, being ren- 



Thc characteristic property of silver, heated 
and cooled in dilfereut atmospheres, proved to 
be its capability of absorbing and retaining, 
in some cases, as much as seven times its 
volume of oxygen — its absorption of hydrogen 



dond Tacuous, was found at all temperatures f^^-^ ^.i^^^.^. ^^ ^ ^^ i^ volume. Somo sUvcr- 
below redness to be quite impermeable to | j^..^^.^ j^^,^^^^ ^^^j ^^^^^^ i^ ordinary air, and 
^^F7il whereas, at a red heat, it trans- ., subsequently heated in a vacuum, gave off a 
Bitted 100 cubic centimeters of hydrogen m j nnxture of oxygen and nitrogen gases con- 
half «i hour, the quantities of oxygen, nitrogen, i ^^^^„ g- per cent, of oxygen, or more than 
mnh gas, and carbonic gas, transmitted under : ^^^^ ^^^^^ the proportion contained in the 
Iha same conditions, not amounting to 'Ol | • ^^^1 ^^i^. This remarkable propei-tv of solid 
cable cimtiineter each m half an hour. It ^^^yx'T to effect the permanent occlusion of 
was asceitained further that, with an ignited | ^^ ^^^^ ^^^^^^ be distinguished from tho 

racnoas tube of platinum surrounded by al^^j^^j^^^g remarkable and doubtless associated 
current of ordinary coal gas (a variable mix- prop^.rty of melted silver to effect the tem- 
tuTB of gases containing on the average about ^^^^^^ Absorption of a yet hu-ger volume of 
45 per cent of marsh gas, 40 per cent, of ^i^^ ^ '^^^ ^^^ . ^^hich, on the solidification of 
hydrogen, and 16 per cent, of other ga^s and ^^^ ^^^^y ^3 discharged with the well-known 
Tmpoan). a transmission of pure hydrogen phenomenon of spitting. 
alone took pkce through the heated metal. j^^^^ ^^ough tolerably absorptive of hvdro- 
Thii property of selective transmission, mam- „^.n ,^^^3 found to be specially charactenscd 
leated by platinum was so far onalogous to ^ ^^^ absorption of carbonic oxide. What 
the property of selecUve transmission mam- ' ^^ ^^^^^^^ ^^le natural gas of wrought 
fated by India-rubber, that whereas a septuni i,,^jj^ or the gas derived from the forgo in 
rf India-rubber transmitted the nitrogen of ^j^-^j^ -^ ^^.^^ ^^^^^^^ .^^.^.j ^^ ^.^nsist chiefly 
the air in a much smaller ratio than the ^^ ^^^.^^^^i^ ^^ij^,^ ^^^^ i^ differe t experi- 
oxygen, the septum of ignited platinum ^^.^^^ ^^^ ^^^,,^1 t^ range from 7 to 12-5 
tnoamitted the other constituents of coal gas ^^^^^ ^^^ ^.^^^^^ of the metal; so that, in 
m an infimtdyamdler ratio than the hydrogen, tj^o ^^^^.^^ ^^ its prepaiation, iron would ap- 
H«ce the knowledge of absorpUou bv India- ^^ ^^^l^^^^^ „ ^^.^^ of seven times its 

wbber of tile gaaea which it most freely trans- ^^j^^^ of carbonic oxide, and to caiTy this 

gas about with it ever after. Tho absorba- 
bility of carbonic oxide by irou has an oV 



■•«i«aM«>B«B*lWMWMft*M^ 



* Bofal 8oflis< y Proostdiags, st., p. 602 ; xvi. 
p.4ai; sviLi jp^ S12, p.600. 
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Tiously important bearing on the theory of 
steel production by cementation. This pro- 
cess would appear to consist in an absorption 
of carbonic oxide gas into the substance of 
the iron and in a subsequent decomposition of 
the absorbed gas into carbon entering into 
combination with the metal, so as to effect 
its acieration, and carbonic gas discharged 
from the surface of the metal, so as to pro- 
duce the well-known appearance of blistering. 
Nor is this the only, or even the chief, point 
of interest that was made out with regard to 
iron ; for the study of the behaviour of telluric 
manufactured iron naturally led Mr. Graham 
to the examination of sidereal native iron, 
that is to say, the iron of meteorites, and 
with the following result. A portion of the 
meteoric iron, from the Lenarto fall, when 
heated in vacuo, gave off 2*85 times its 
volume of natural gas, of which the pre- 
ponderating constituent, to the extent of 85*7 
per cent, of the total quantity, consisted not 
of carbonic oxide, but of hydrogen, the car- 
bonic oxide amountirg to only 4*5 per cent., 
and the remaining 9 8 per cent, consisting of 
nitrogen. The inference that the meteorite 
had been, at some time or other, ignited in an 
atmosphere having hydrogen as its prevailing 
constituents, seems irresistible; and judging 
from the volume of gas yielded by the iron, 
the hydrogen atmosphere in which it was 
ignited must, in all probability, have been a 
highly condensed one ; the charge of hydrogen 
extracted being fully five times as great as it 
was found possible to impart to ordinary iron 
artificially. 

But it was with palladium that Mr. Graham 
obtained his most extraordinary results. This 
metal he found to have the property of trans- 
mitting hydrogen with extreme facility, even 
at temperatures very far short of redness. 
Coincidently, at temperatures even below 
those requisite for transmission, palladium 
was found capable of absorbing many hundred 
times its volume of hydrogen. Thus a piece 
of palladium foil maintained at a temperature 
of 90°-97® for three hourc, and then allowed 
to cool down during a hour and a half, while 
surrounded by a continuous current of hydro- 
gen gas, gave off, on being afterward heated 
in vacuo, 643 times its volume of the gas, 
measured cold; and even at ordinary tem- 
peratures, it absorbed 376 times its volume of 
the gas, provided it had first been recently 
ignited in vacuo. In another experiment, 
palladium sponge, heated to 200° in a current 
of hydrogen and allowed to cool slowly there- 
in, afterward yielded 686 times its volume 
of the gas ; while a piece of electrolytically 
deposited palladium heated only to 100° in 
hjdrogen^ afterward yielded, upon ignition in 



vaaio, no less than 982 times its volume of 
the gas. The lowness of the temperature at 
which, under favourable circumstances, the 
absorption of hydrogen by palladium could 
thus be effected, soon suggested other means 
of bringing about the result. For example, a 
piece of palladium- foil was placed in contact 
with a quantity of zinc undergoing solution 
in dilute sulphuric acid ; and, on subsequent 
examination, was found to have absorbed 173 
times its volume of hydrogen. Again, palla- 
dium, in the forms of wire and foil, was made 
to act as the negative pole of a Bunscn's 
batteiy effectii:g the electrolysis of acidulated 
water; and in this manner was found to 
absorb from 800 to 950 times its volume of 
hydrogen in different experiments. 

Palladium being thus chargeable with 
hydrogen in three different ways — namely, 
by being heated and cooled in an atmosphere 
of the gas ; by being placed in contact with 
zinc dissolving in acid, i. e., with hydrogen 
in the act of evolution ; and, lastly, by bang 
made the negative electrode of a battery — 
correlatively, the charged metal could be 
freed from its occluded hydrogen by exposing 
it to an increase of temperature in air or 
vacuo ; by acting on it with different feebly 
oxidizing mixtures; and by making it the 
positive electrode of a battery. 

The palladium, when charged to its maxi- 
mum, was frequently found to give off a small 
proportion of its hydrogen, though with ex- 
treme slowness, at ordinary temperatures, 
both into the atmosphere and into a vacunuL 
But not until the temperature approached 
100° was there any appreciable gas-evolution; 
which, above that point, took place with a 
facility increasing with the temperature, eo 
as to be both rapid and complete at about 
300°. Since, however, the transmission of 
hydrogen through heated palladium is a 
phenomenon of simultaneous absorption and 
evolution, it follows that the property of 
palladium to absorb hydrogen does not cease 
at 300°, or indeed at close upon the melting- 
point of gold — the highest temperature at 
which Mr, Graham's experiments on trans- 
mission were conducted; but whereas the 
maximum absorption of hydrogen by palla- 
dium takes place at comparatively low tem- 
perature, the velocity of transmission was 
observed to increase, in a rapid ratio, with 
the increase of temperature, indefinitely. 

As regards the removal of hydrogen from 
palladium by oxygenants, the gas of the 
charged metal was found to manifest all th« 
chemical activity of hydrogen in the nascent 
state. Thus it reduced corrosive sublimate to 
calomel, combined directly with free iodine, 
converted ferrid into ferro cyanides, destrojrcd 
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;he colour of permanganates, &c. Moreover, 
he spongy metal, charged with hydrogen and 
exposed to the air, was apt to become suddenly 
lot, and 80 completely discharged, by a spon- 
taneous aerial oxidation of its absorbed gas 
nto water ; while the hydrogen of a piece of 
>barged palladium wire was often capable of 
)eing set fire to, and of burning continuously 
ilong the wire. 

Lastly, the reversal of the position of the 
[>alladium plate in the decomposing cell of 
[he battery afforded a most ready means of 
:ompletly extracting its hydrogen. Indeed, 
for some time after the reversal, while hydro- 
;?en was being freely evolved from the nega- 
tive pole, no oxygen was observable on the 
surface of the palladium plate, now made the 
positive pole, through its rapid oxygenation 
}f the absorbed hydrogen. 

As regards the extent of the absorption 
)f hydrogen by palladium, it was found, as 
dready indicat-ed, to vary considerably with 
the physical state of metal, whether fused, 
lammered, .spongy, or electrolytically de- 
Kwited, for example. In one case, previously 
referred to, a specimen of electrolytically de- 
XMited palladium, heated to 100°, and then 
lowly cooled in a continuous current of 
lydrogen, was found to occlude 982*14 times 
te volume of the gas, measured cold. In 
his case the actual weight of palladium ex- 
>erimentcd with was 1*0020 gram, and the 
veight of hydrogen absorbed *0073 gram, 
)eing in the ratio of 99*277 per cent, of pal- 
adium and 0*723 per cent, of hydrogen. 
Che atomic weight of hydrogen being 1, and 
hat of palladium 106*5, it is observable that 
he ratio of the weights of the constituents of 
he charged metal, hydrogen and palladium, 
ipproximates to the ratios of their atomic 
weights. 

In another experiment some palladium 
vire, drawn from a piece of the fused metal, 
vas charged electrolytically with 935.67 
imes its volume of hydrogen. Some idea of 
hese enormous absorptions of hydrogen may 
te formed by remembering that water at 
Qcan temperature absorbs only 782*7 times 
is volume of that most absorbable of the 
ommon gases, ammonia. 

A point of interest with regard to the 
lifferent quantities of hydrogen absorbable 
y palladium in its dififercnt states is the 
radual diminution in the absorptive power 
f any particular specimen of the metal with 
ach successive charge and discharge of gas 
1 whatever way eflfected — the absorptive 
owcr, however, being partially restorable 
)y subjecting the metal to a weldln£: heat. 

The density of palladium charged with eight 
r nine hundred times its volume of hydrogen 



is perceptibly lowered. Owing, however, to 
a continuous formation of bubbles of hydrogen 
on the surface of the charged metal when 
immersed in water, there is a difficulty in 
taking its exact density by comparing its 
respective weights in air and water with one 
another. There is also a difficultv in deter- 
mining the density by direct measurement of 
the charged palladium when in the form of 
wiro ; owing to the curious property of the 
wire, on being discharged, of not merely 
returning to its original volume, but of under- 
going a considerable and permanent additional 
retraction. But in the case of certain alloys 
of platinum, silver, and gold with excess of 
palladium, while the absorptive power of the 
constituent palladium is still manifested, the 
excess of retraction on discharge of the wires 
does not occur; and the specific gravities 
deducible from the mere increase in length of 
wires of these alloys are found to accord 
approximatively with those deducible from 
the increase in length of the pure palladium 
wire, not above its original length, but above 
the length to which it retracts on discharge 
of its absorbed gas. It would thus appear 
that, simultaneously with its absorption of 
hydrogen, the pure palladium wire, unstably 
stretched by the process of drawing, suff'ers 
two opposite actions ; that is to say, it under- 
goes a process of shortening by assuming a 
more stable condition of cohesion, and a pro- 
cess of lengthening by the addition to it of 
other matter — the lengthening due to the 
additional matter being the excess of the 
length of the charged above that of the dis- 
charged wire. In a particular experiment 
illustrative of this peculiarity, a new platinum 
wire took up a full charge of hydrogen electro- 
lytically, namely, 956*3 volumes, and increased 
in length from 609585 to 619*354 millimeters. 
With the expulsion of the hydrogen afterward, 
the wire was permanently shortened to 600*1 15 
millimeters. The sum of the two changes 
taken together amounts to 19 239 millimeters, 
and represents the true increase in the length 
of the wire due to the addition of hydrogen. 
It corresponds to a linear expansion of 3*205 
in 100, or to a cubical expansion of 9*827 in 
100. The original volume of the wire being 
•126 cubic centimeter, the volume of the 
condensed hydrogen would accordingly be 
•01238 cubic centimeter. Then, as the charged 
wire, on being heated in vaaiOy evolved 120*5 
cubic centimeters of hydrogen gas, weighing 
•0108 gram, the density of the absorbed 
hydrogen would be \%\%n = •«72. Calcu- 
lated from the mere increase in length of the 
charged wire above that of the wire origi- 
nally, the density of the absorbed hydrogen 
would be 1-708. The following table gives 
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the densities of condensed hydropcn in different 
ezpeiimente made with palladium wire, in 
which the excess of retraction on discharge 
was allowed for as above ; and also the den- 
sities observed in experiments made with 
palladium alloys in which the contraction on 
discharge took place to the original lengths of 
the wires only: — 



When united with 



Density of condenaed 
hydrogen. 



854 to0h72 
0-7401 to 0-7646 



Palladium 

Palladium and platinum 

Palladium and gold I 711 to 716 

Palladium and silver I 0.727 to 0742 



Whether the absorption of hydrogen by 
palladium, alloyed or not with another metal, 
was large or small, the density of the oc- 
cluded hydrogen was found to be substantially 
the same. That the excessive retraction of 
the palladium wire on the discharge of its 
absorbed hydrogen is not a mere effect of 
heat was shown by the charged wire under- 
going a similar retraction when discharged 
electrolytically instead of by ignition in vacuo, 
and also by tho original wire not under- 
going any sensible retraction as a result of 
annealing. That the retraction is merely in 
length was shown by the absence of any 
difference in specific gravity between the 
original and the discharged wire. Very 
curiously, the shortening of the wire, by 
successive chargings and dischargings of 
hydrogen, would seem to be interminable. 
Thus the following expansions of a particular 
wire, caused by variable charges of hydrogen, 
were followed, on expelling tho hydrogen, by 
the contractions recorded in the other column. 





Elongation 

in 
millimeUn. 


Betraction 

in 
miUimcten. 


First experiment 


9-77 
6-766 
2-36 
3-482 


9-70 


Second experiment 

Third experiment t 


6-iO 
314 


Fourth experiment 


4-95 




23-99 



The palladium wire, which originally 
measured 609*144 millimeters, thus suffered, 
by four successive chargings and disch rgings 
of hydrogen, an ultimate contraction of 23-99 
millimeters, or a reduction of its original 
length to the extent of nearly 4 per cent., 
each increment of contraction below the 
original length usually exceeding the pre- 
vious increment of elongation above the 
original length of the wire. Tho alternate 
expansion and contraction of palladium by; 
its occlusion and evolution of hydrogen is 
ingeniously shown by a contrivance of Mr. 
Boberts, in which a slip of palladium-foil, 
TMnished on one side, is made to curl and 
mumii itaelf, as it l^eoomes alternately the 



negative and positive electrode of a battery, 
or is alternately charged and discharged of 
hydrogen on its free surface. 

That hydrogen is tho vapour of a highly 
volatile metal has frequently been maintained 
on chemical grounds ; and from a considera- 
tion of the physical properties of his hydro- 
genised palladium, Mr. Graham was led to 
regard it as a true alloy of palladium with 
hydrogen, or rather hydrogenium, in which 
the volatility of the latter metal was re- 
strained by the fixity of the former, and of 
which the metallic aspect was equally due to 
both of its constituents. Although, indeed, 
the occlusion of upward of 900 times its 
volume of hydrogen was found to lower the 
tenacity and electric conductivity of palla- 
dium appreciably, still the hydrogenised 
palladium remained possessed of a most 
characteristically metallic tenacity and con- 
ductivity. Thus, the tenacity of the original 
wire being taken as 100, the tenacity of the 
fully charged wire was found to be 81*29; 
and the electric conductivity of tho original 
wire being 8* 10, that of the hydrogenised 
wire was found to be 5*99. In further sap- 
port of the conclusion arrived at by Mr. 
Graham, as to the metallic condition of the 
hydrogen occluded in palladium, he adduced 
his singular discovery of its being possessed 
of magnetic properties, more decided than 
those of palladium itself, a metal which Mr. 
Faraday had shown to be '^feebly but truly 
magnetic." Operating with an electro-magnet 
of very moderate strength, Mr. Graham found 
that while an oblong fragment of electro- 
lytically deposited palladium was deflected 
from the equatorial by 10° only, the same 
fragment of metal, charged with 604 '6 times 
its volume of hydrogen, was deflected through 
48°. Thus did Mr. Graham supplement the 
idea of hydrogen as an invisible incondensahic 
gas, by the idea of hydrogen as an opaque, 
lustrous, white metal, having a specific grarity 
between 0*7 and 0*8, a well-marked tenacity aiid 
conductivity, and a very decided magnetism. 

Veey advantageous exchanges of watches 
are sometimes made by Europeans with the 
Chinese, many of whom ignorantly suppose that 
when a watch stops it is dead. Baker, in his 
work on the "Albert W Yanza," says during 
his travels, commencing in 1861 , a native named 
Eamrasi, ''produced a large silver chronometer 
that he had received from Speke. * It was 
dead,' he said, ' and he wished me to repair 
it.' This I declared to bo impossible. He 
then confessed to having explained ita con- 
struction, and the cause of the 'tiokiag' to 
his people, by the aid of a needle, and that it 
had Bey^ ticked aince that occaoioiu" 
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ON BELLS, AND MODERN IMPROVEMENTS FOR CHIMING 

AND CARILLONS. 



[A Paper read before the Members of the Society of Art«.] 

By GEORGE LTJ^'D, Esq. 



I soixL now proceed to give a description 
of the machine at Ipswich, and, as 1 
propose to show you the principal improve- 
ments which we have made from stage to 
stage of our progress, I must preface my 
n;marks upon this part of my subject by 
referring to the first machine we uade, which 
we do not now use. Its great defect — and 
oiie which invariably proves fatal to accurate 
time-keeping in any self-acting instrument 
which has rough work to do -is that the 
bsrrel is made to revolve by means of an out- 
ode driving wheel fixed on to the main shaft 
of the weight drum, and geared into a wheel 
of a similar number of teeth, and upon the 
shaft of which was fixed what is called the 
currying arm, which carries round the musical 
Urrel one revolution of the drum, this being 
equal to one of the barrel. Let the pivots of 
these two shafts fit the holes in which they 
work, and let the depths of the wheels be 
pitched as accurately as possible, and the 



quarter keys, and, vice versa, the quarter 
frame being down, the music-frames are up ; 
the striking of the hours is also ingeniously 
arranged for, but to this I shall refer later on. 
As previously stated, we have abandoned the 
driving of the musical barrels by outside 
wheels, and now always drive them direct 
from the shaft upon which the weight drum 
works, and to which is fixed the main wheel 
of the machine, by making it project suffi- 
ciently through the bracket in which it 
works to allow of the carrying arm being 
fastened to it. The carrying arm is, as its 
name implies, that part of the machine which 
gives motion to, or carries round, the musical 
barrel, the main shaft passing into the centre 
of the barrel, and the carrying pin also enter- 
ing it as near to the outer circumference as 
possible, both being accurately fitted, and the 
action of the barrel being only backwards 
and forwards. Not being circular, the wear, 
even in the course of years, is very trifling, 



Working of the teeth one into the other be and can be rectified at any time by simply 
qoite perfect tooth and space, and yet in a putting a new back brass to the barrel. This 



^ery short time wear will begin to show it- 
^, the wheels will begin to rock, and the 
iiUchine for time-keeping purposes becomes 
^0 better than one constructed upon the old 
principle. A barrel which can be set back 
by any unusual pressure cannot keep good 
Ume, for it not only retards the note which it 
U discharging, but with the spring it gets 
>ith the set back it shoots forward to the 
Dext pin, and discharges it as much too sot^n 
as the last one was too late. This will be 
evident to the most casual observer. This 
machine is constructed to strike the hours 
ind quarters, and to play a tune twice over 
ivery third hour with one weight and one 
train of wheels. There are three key-frames 
constructed in the same way as the key-frame 
>f a ■elf-acting organ, the key discharging 
he hammer on the bell instead of opening 
he valve as in an organ, as shown in diagram 
1^0. 5. Tw ' are for the music, and one small 
me for the quarters, placed for convenience 
ad saving of room in the centre of the two. 
Dhay are all connected tegether, and are so 
urraaged that when the two are down play- 
og the miuicy the quarter frame is lifted, 
od the fiuB ia the baijol .c(^ot toiipl^ fl^e 



was the first great improvement. Our next 
endeavour was to avoid, in the striking of 
the quarters, so much loss of fall of weight, 
one turn of the barrel, equal to the fall of 
two feet, being used for tae striking of the 
quarters in one hour alone, in the first 
machine. We therefore separated the quarter 
barrel from the musical barrel, making the 
quarter barrel revolve only twice for the 
quarters of three hours, thus saving one turn, 
equal to two feet of fall, every three hours, 
equal to a saving of sixteen feet in the 
twenty-four hours, an enormous saving in 
such matters. In this machine, as in the 
first, the catches are released by a key in a 
key-frame, and a difficulty presented itself. 
How could we get over the pins discharging 
the hammers for the music at the same time 
as the quarters, without lifting the key-frame 
which is very heavy and cumbersome to dea^ 
with ? We soon decided that a simple pla^ 
was to keep the musical barrel still till re 
quired to play the tune, by holding it free of' 
the carrying pin in the carrying arm, an 
successfully accomplished it in this way 
Instead of having a spring to biar on the end 
of the jfivqt, of tUe barrel, ^re substituted a 
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-weight workiiig over a pulley anrl attached 
to a IcTcr, by -which it can be lifted or 
allowed to fall according to whether the 
barrel is required to revolve or not. We put 
a spring at the other end of the barrel, where 
the main shaft enters, so that when the 
weight is lifted this spring pumps the barrel 
away from the carrier, and it is held in the 
proper position for the pin to pick it up again 
the next third hour by a piece of steel in its 
outer edge entering a notched piece of iron. 
The weight when raised is held by a catch, 
which is withdrawn, just before the last 
quarter change at the hour is being struck, 
by a pin in the quarter barrel. It ^en falls 
and brings the musical barrel to bear against 
the end of the carrier pin till it reaches the 
notch cut in the brass rim ; arrived there the 
machine stops, the barrel is drawn by the 
weight to the proper depth, according to the 
tune to be played, and it only awaits release 
from the clock at the last blow of the hour to 
start and play a tune through twice. This 
having been done, the weight is again raised 
by a small roller in the main wheel of the 
machine, and the barrel remains at rest for 
three hours more. There are seven tunes 
played, a different one at each third hour or not, 
at -will; and here again the small barrel plays a 
simple, yet most important, part. The tunes 
are changed by shifting a seven-star snail, as 
in an ordinary musical box. This snail is 
shifted by a double action lever. A small 
roller is fitted to the carrying arm, which at 
each revolution comes in contact with the 
*' V" shaped end of the lever, presses it down, 
and, so doing, raises the other end of the 
lever, which in its turn shifts the snail. To 
prevent this being done the first time round, 
a short spring lever is made to hold the push- 
ing end of the snail- shifting lever away, and 
it is only when it is required to change the 
tune that a pin in the quarter barrel with- 
draws the spring lever, and allows the lever to 
work. The shifting lever end is made with a 
joint, so that by simply withdrawing it from 
contact -with the snail the tune is not changed, 
although the spring lever may be withdrawn 
by the pin in the barrel. The quarter bell 
thus performs four distinct functions. It 
strikes the quarters, stops the machine when 
required, by a simple action — ^which I have 
thought it needless to explain — causes the 
music to be played at the proper times, and 
changes the tune or not, as desired ; thus 
making it an automatic machine, it only being 
necessary that a small weight should be lifted 
by the clock and allowed to fall at each quar- 
ter of an hour, by which the machinery is 
started for the quarters, and a similar weight 
rach third hour for the music. In the one 



case the weight is raised by four pins in a 
gun metal wheel fixed to the minute square 
of the clock, and in the other from the lock- 
ing plate which regulates the striking of the 
hours. The improvements sought for in the 
construction of our next machine were these— 
to do away with the key-frame, which \re 
thought unnecessary, both on account of the 
expensiveness of its manufacture and the 
drag we found it was upon the machinery. 
The discharge was not as easy as we could 
have wished it to be (although the machine 
still works admirably), and other minor details, 
such as to reduce the weight of the cam to do 
away with the hammers having to drag the 
weight of the levers after them, and so re- 
ducing their force of blows; and in other 
respects to give the machinery more life, or, 
more properly speaking, velocity, which per- 
forms a most important part in this machinery, 
the two main considerations being an easy 
and quick discharge, the most rapid lift 
attainable, so as to have as few hammers as 
possible on the lift at one time. The machine 
I am now about briefly to describe has been 
made for, and is now in course of erection at, 
High Beech Church, Epping, to the order of 
T. C. Baring, Esq. There are thirteen hemi- 
spherical bells in a tower nine feet square, 
and the machinery is placed in a room belov. 
In a space of only nine feet square it would 
have been quite impossible to have got church 
bells of any size or of a sufficient number, 
and ringers could not have been found to use 
them. Hemispherical bells here exactly supply 
the want, and in making the machinery ve 
desired that it should be no mere approach to 
the speed of changes as rung by ringers, but 
the exact speed should be given. 

Bingers ring 28 changes per minute, which 
is 224 blows in the same time, and in order 
that not more than one hammer stiould be ou 
the lift at once it was necessary to have a 
cam of that lifting power. The main wheel 
makes a revolution once a minute, consequently 
the discharging barrel which it drives from its 
shaft, as before described, makes a revolutiou 
in the same time ; and to produce the need- 
ful correspondence between our wheels and 
pinions, and to give the proper interval be- 
tween each pair of changes, exactly the same 
as ringers do, it was necessary to make our 
cam revolve 60 times to its once, and having 
four lifters, four times sixty (240) blows can 
bo lifted per minute, more really than is re- 
quired. I may here say that before making 
this machine we made a smaller one, which we 
here exhibit, and which we had in use for some 
time. The heaviest hammers to be lifted are 
about 20 lbs.y for which the machinery need 
not be large. For larger machines we hate 
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plans of a more powerful description, which 
we do not propose here to explain ; suffice it to 
sjiy that, bo the weights what they may, we 
arc prepared to deal satisfactorily with them. 
Having disposed of the number of hammers to 
be lifted, our next object was to do away with 
the unwieldy key-frame, and make a key and 
catch all in one, which should be quite easy 
of discharge and yet have holding power to its 
extreme point of discharge. This was not 
arrived at without much thought, one amongst 
many difficulties being to put them in such a 
position that the wooden barrel could be re- 
moved without disturbing them. This has 
been quite satisfactorily done; a catch has been 
constructed with all the requisite qualities in 
itself, and has been put in such a position that 
the barrel can be removed in a moment. We 
also here introduced a great improvement in 
the spring which draws in the pusher, by 
which the lever, to which is attached the bell 
hammer, is raised again to the catch which 
holds it. When the catch is discharged and 
the lever falls, it is, of course, necessary that 
the lever should not be again raised until the 
blow is struck upon the bell ; and in order to 
do this, what we call a pusher, or cat's-paw, 
is attached to the lever, working freely on it, 
irhich is drawn into contact with the cam at 
the last moment in this way. It is, of course, 
A well-known mechanical law that there is 
much less action at the centre upon which 
anything works than at its extreme end. We 
therefore place a spring on an iron bar, which 
decs three things. While the lever and ham- 
mer are held up it keeps the pusher against 
its banking pin ; as the lever falls it keeps it 
pressed away from the cam till the last moment, 
when its bent end comes in contact with the 
cam, the next coming lifter of which lifts it to 
the catch, firmly held by which, all the weight 
of the hammer being gone from it, it flirts the 
pusher away to the banking pin till again dis- 
charged, when tho process is repeated. 
Originally three separate actions were provided 
for this purpose. We consider these two 
improvements to be of the most important 
character, both as regards cost and efficiency. 
Other improvements were made, but not of 
sufficient importance to be referred to. It has 
two barrels, one or t^hich has 296 changes on 
eig^t bells pricked on it, which will be used 
from 10.30 till 10.45, at which time that 
bftrrel will be taken out and one with 100 
changes on 10 bells, three bell chimes and 
tolling, used at the disdbretion of the verger. 
A barrel can also be applied by which the 
hours and quarters can be struck the same as 
at Westminster; or, still further, a 7-tune 
barrel conld be made, by which a different tune 
coidd be placed throuf^ twice, at each hour, 



or the same at will, if the quarter-hour strik- 
ing were found wearisome. To remove the 
barrel, all that is necessary is to move the 
spring which presses on the end pivot on one 
side, draw the barrel a little to the left, and 
out it comes, free of everything. There is also 
a key-board attached, by which Mrs. Baring 
can play on the bells as easily as she can play 
on a piano. This machine, therefore, is 
applicable for four purposes, chiming for tho 
services of tho church at any time, the striking 
part of a Cambridge quarter-clock, the playing 
of seven different tunes automatically, or a 
musical instrument to be played by hand. 
Some of my fellow-craftsmen here this evening 
may perhaps be sceptical, and say that I have 
as strong an imagination as the man who used 
to warm his hands by holding them round a 
candle-flame, but I can assure them it is quite 
true, and that I may perhaps have some 
further astonishments in store. 

All our machinery is so constructed that 
any one part can be taken out for repair with- 
out disturbing any other, and even to every 
lever, and every catch, up to any number. 
The advantage of this plan was fully demon- 
strated in this way. After the machinery had 
been fixed at Ipswich some short time I had 
left it at nine o'clock on the Saturday evening, 
after it had chimed the quarters and played 
its tune twice over, and upon my return, at 
nine o'clock on Sunday morning — of course, 
you understand that I was only there to see 
all was right — to my great dismay I found 
that the heavy rain of the night before had 
run through an unstopped hole in the floor of 
the bell-chamber above, and that the machinery 
was most carefully watered all over. Of 
course by Monday red rust was everywhere 
where I had not been able to wipe it off the 
day before. A workman and myself began at 
seven o'clock on Monday morning. It only 
missed striking the quarters for two hours ; it 
played as usual each third hour, and was as 
free from water and rust as ever it was by six 
o'clock the same evening, much of the steel 
work havin;^ been re-polished. Had it been 
needful to take all the machine to pieces at 
once, three days, at least, of silence would have 
been necessary. 

It now only remains to explain the arrange- 
ments we have made in the larger of the two 
machines before you, for the several actions it 
has to perform. It will chime the Cambridge 
quarters and strike the hours (the same as the 
Westminster clock), and will play one of seven 
tunes every third hour, to be changed or not 
at will, as described in the others, with only 
one weight and one train of wheeb. Clock- 
makers have always hitherto used three 
weights and three trains of wheels for the 



156 



THE HOROLOGICAL JOURNAL. 



[JxTirs, 1874 



Bame purpose. It will also bo used for chim- 
ing for the services of the church of St. Mark, 
Victoria Pai*k. As you see. there are two 
wooden barrels ; one, the shorter, chimes the 
quarters and strikes the hours, and the longer 
will play the tunes or changes. The smaller 
barrel makes fifteen revolutions in twelve 
hours by means of a fifteen-stop snail, which 
is shifted one step forward by a carrying arm 
and double-action lever, one each turn, the 
same as used for altering the tunes, and before 
described. The quarters are also struck from 
it by means of keys and levers, connected with 
the four proper notes on the music side of the 
machine. By it are also struck the hours by a 
key and lever action, drawing in the hour- 
hammer lever in contact with the pins in the 
back of the main wheel of the machine, and 
holding it there sufficiently long for one or 
more blows to be struck on the bell, according 
to the hour. Immediately the last blow is 
struck the spring against which it was drawn 
throws the lever out of the way of the pins, 
and at each third hour a weight is dropped, 
and the musical barrel pushed in, it having 
stood still during the striking of the hours 
and quarters, as already described in the Ips- 
wich machine. Wo have, however, greatly 
improved and strengthened the catch which 
holds up the lever to which the weight is at- 
tached, and have made the lever to fall free 
of the lifting pins in the face of the main 
wheel, so that by removing the jointed end of 
the snail-shifting lever, and moving forwai-d 
the small barrel snail to a stop in which there 
are no pins, as occurs in that part of it which 
comes into action every third hour, changes of 
music can be played for any desired length of 
time, without the weight being raised and the 
barrel being pushed out of action, after the 
second time round, as it would be in the ordi- 
nary way. In the Ipswich machirc, the 
shorter wooden barrel is a three hour locking 
plate for hours and music only ; in this it be- 
comes a twelve hour rapidly revolving locking 
plate, for hours, quarters, and music, than 
which there is no simpler or safer mode of 
stopping in clockwork or any belf-acting ma- 
chinery. A slow one is, however, very little 
use. In tie intervals defined by this locking 
plate, pins will be put, which will either act 
upon the four quarter keys, the hour lever 
key, or the key which dischaiges the weight 
for the playing of the music, and causes it to 
be raised again when it should cease, one 
key serving both purposes, according to 
whether quarters or hours are to be struck or 
played. 

Hcssrs. Charles Frodsham and Co., clock- 
ittf^ers, are making tho timepiece, which will 
show t)ie timo on three dials^ ai^d ^tapt t^o 



machinery every quarter of an hour. We are 
also engaged upon the manufacture of a smaller 
machine for ten small hemispherical bells, tLe 
stable turret into which they will go being 
only 4ft. 6in. square by 8ft. high, which, T^ith 
change of barrel, will either strike the hours 
and quarters, or play one of seven tunes twice 
over every hour, or as often as desired; 
a key-board for playing by hand will also be 
added. Wo are also planning a Cambridge 
quarter clock, which will only require one 
weight, instead of the two ordinarily used, for 
a larger tower, hemispherical bells agaia 
carrying off the palm. The advantages which 
we claim for our method of carrying out this 
patent are : — Extreme simplicity of all tho 
parts of action ; lightness of all the several 
parts, yet perfect strength and durability; 
high finish and accuracy (and upon this point 
wo are most particular, as, failing this, in self- 
acting musical instruments all else is labour in 
vain); absolute steadiness and ease of discbarge, 
by which perfection is obtained in the music 
or changes, or whatever work the machinery 
is called upon to perform ; rapidity of lift, by 
which multiplicity of hammers is avoided asd 
weight saved ; ease with which repair can be 
done to any one given part without disturbing 
the machine as a whole; and last, but not 
least, cheapness, not the cheapness which is 
obtained by inferiority of workmanship, but 
cheapness which is obtained by simplicity of 
action — not using three actions where one will 
do, because our ancestors did it that way thre<^ 
hundred years ago, and therefore it must be 
right — and, consequently, saving material and 
labour, which make the cost. 



DISCUSSION. 

After a few words from Mr. Botlt, 

Mr. Ward said he doubted of the good 
effect of perpetually recurring chimes in a 
city, where they were disturbing rather than 
pleasant. 

Mr. Hale then made a few observations. 

Mr. John Lund remarked that, although he 
had but very few remarks to make, standing 
as he did in the relation of a brother to the 
reader of the paper, he could not help bearing 
his testimony to the patience and skill bis 
brother had shown duiing the whole of tho 
long and weary time he had spent over this 
machine. It had given him many sleepless 
nights aud many a long day of anxious care, 
to produce the machine that stood before 
them. He could testify to the simplicity of 
the machine and to the remarkable results 
he was able to produce from it. As to the 
recording instrument at Greenwich, whatever 
might bo the accumulated errors pf the in* 
fitrumcQt, it could never interfere with the 
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little black spot which recorded what the 
error wus. He felt there was only one mom 
great step to perfect the machine, and that 
was the application of electricity to thn dis- 
charge, which would leave the machine no- 
thing else to do hut the lifting, the discharge 
always being giveu by electricity. The 
machine might be reduced very largely in- 
deed then, and put up in one corner of the 
room, where the bells themselves were played. 

Jlr. £lU3 i. DiTiDsos asked the oplLion 
of the writer of the paper as to the effect of 
on inscription on the bella. It would be clear 
that the horizontal eection of the hell would 
bo a circle at the plain p^rbi, hut materially 
altered at the part where tho inscription was. 
He desired to know whether a hemi.=phericnl 
bell, in its pure and simple form, would give 
s sound more power than it would if it were 
embossed at unequal parts by unequal pro- 
jections. If the name of Lund, for instance, 
were pnt on the bell in a three-inch letter, i 
and a quarter inch high, then, if he took a 
horizontal sect ion, that section would not bo 
a perfect circle, as at other parts. Would that 
interfere with the sound ? 

3Ir. Lr.sn replied that he really did not 
pretmd to undcretand the scientific part of 
the question. He, however, knew (hat the 
name of the founders was generally inscribed 
oil roand llic bell, uud (lie note was produced 
quite perfectly. 

The CniiBMAS paid it became his duty to 
ask those priscnt to join him in a vote of 
thanks to Ifr. Lund for tho very interesting 
paper lie had rend. He thought it would be 
apparent to all that it had been a labour of 
love to him, and that he had brought to the 
subject a great amount of patient labour, 
attention, and scientific skill. As to the last 
paragniph, they must have all felt the sooth- 
ing influence produced by a chime of bells, 
and many were tho sweet recollections the 
village bells recalled to most of u?. He 
agreed with the sneaker who remarked that 
M>mc bells in London were felt to be a nui- 
MiDce, but even in London many people liked 
to hear a chime of bells. As to young be- 
ginners, he thought they would be deterred 
from commencing the study of change-ringing 
by the description of Iklr. Lund. He would 
•ay, even if he had an inclination at his time 
of life to commence a new study, what had 
been stated was more than sufficient to deter 
bim, and he would rather prefer commencing 
the study of Hebrew or Sanscrit. He asked 
them to join with him in sincerely thanking 
Ur. Lund for his paper, and in congratulating 
him, after the years of labourhe had bestowed, 
on the satiafBCtory results he had produced. 
He cotild only express a hope that those 



labours and the intelligence he had shown 
might not cease, but that they might bfi 
devoted to some other work in tho same 
branch, which might tend to be useful to 
both science and art. 

ITr, Ltrm, in reply, said : I rise to thank 
you, ladies and gentlemen, for tho kind way 
in which you received my paper. I can 
assure yoa it has been a very great pleasare 
to me to come hero and read it. 

The vote of thanks was then passed. 



A SKULL - WATCH which once belonged ta 
Mary, Qtieen of Scots, who had numerous 
watches il tradition may be believed, is in es- 
istcnce. Upon it tho arms of France and 
Scotland are engraved in separate shields on 
each side of the jaws. An inscription — " Ex 
dono Fr. B. Fr. a<l. Mariara Keg. ScotorviB 
etFr.," together with tho date 1560, show* 
that Francis II. of France, presented it to his 
young wife many ycais before watches wero 
supposed to have been brought to England from 
Germany. 

About the year 169G, Burdcau, a clever 
math em at iei an, constructed a remarkable clock 
in compliment to Louis XIV., whom in thii 
ingenious work he highly flattered. On a rich 
throne, surrounded by ali the pomp of royalty, 
was seated " le Grand Monarque ; " around 
him stood the Electors of tho German States, 
and the princes and dukes of Italy. These 
advanced towards the king, and, after doing 
homage, on retiring chimed the quarters of tho 
hour with their canes. For the kirigs of 
Europe was reserved the more dignified office 
of striking the hours, after having paid their 
respects to the king. This piece of automaton 
clockwork was very gratifying to the French 
people of the time of Louis XIV, ; and many 
who admired it persuaded the makei'to exhibit 
it publicly. Unfortunately for Burdeau, he 
advertised his intentions to do so in the news- 
papers, and attempted too much in order to 
gi-atify the great crowd of people which 
collected in consequence. Knowing the 
stubborn and unyielding will of AVilliam 
III. of England toward his sovereign, the ar- 
tist determined to make "William's effigy more 
pliant, so that when its dum came, it should 
make a very humble obeisance to Louis. 
William, thus compel'cd, bowed very low in- 
deed ; bu t at the same instant some part of the 
machinery snapped sssundcr, and threw " le 
grand Monarque " prostrate from his chair at 
the feet of tho British king. The news of 
the accident spread in every direction as an 
omen ; tho king was informed of it, and poor 
Burdeau was confined in the BastUp. 
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EFFECT OF TEE MOON ON THE WEATEEB. 

(From the *' Smithsonian Report.") 

Since the form of the orbit of the earth is 
affected by the attraction of Venus and the 
other planets, as well as by our satellite the 
moon, they must in some degree also affect the 
form of the atmospheric coyering of the globe, 
and tend to produce tides which are of great- 
est magnitude when they are in opposition or 
conjunction with the sun ; but whether the^e 
disturbances of the atmosphere or those pro- 
duced by the moon are of such a character as 
to give rise to the yiolent atmospheric commo- 
tions, denominated storms, is a question which 
has long agitated the scientific world. 

The times and peculiarities of the meteoro- 
logical occurrences are more varied and less 
definitely remembered than almost any other 
natural phenomena, and hence the large num- 
ber of different rules for predicting the changes 
of the weather. The only way of accurately 
ascertaining the truth of any hypothesis in 
regard to atmospheric changes, is that of hav- 
ing recourse to trustworthy records of the 
weather through a long series of years, and it 
is one of our objects in collecting meteorologi- 
cal statistics at the Smithsonian Institution to 
obtain the means of proving or disproving 
propositions of the character you have ad- 
vanced. 

The moon, being the nearest body to the 
earth, produces the highest tide in the waters 
of the ocean, and must also produce the greater 
effect on the aerial covering of the earth. It 
has, however, not been satisfactorily proved 
that the occurrence of the lunar tides is 
connected with appreciable changes in the 
barometrical or thermometrical condition of 
the atmosphere. The less pressure of the air, 
at a given place, on account of the action of 
the moan^ ia just balanced by the increased 
height of the aerial column. 

The principal causes of the violent changes 
of the atmosphere are, I think, due to its in- 
stability produced by the formation and con- 
densation of vapor. It is not impossible, 
however, that when the air is in a very un- 
stable condition on account of the heat and 
moisture of the lower strata, that the aerial 
tide may induce an overturning of the totter- 
ing equilibrium at some one place in the 
northern or southern hemisphere more un- 
stable than the others, and thus commence a 
storm which, but for this extraneous cause, 
would not have happened. To detect, therefore, 
the influence of the moon, it will be necessary 
to compare simultaneously the records of the 
weather from day to day throughout all the 
northern and southern temperate zones, and 
to ascertain whether the maximum of these 



changes have any fixed relation in time to the 
changes of the moon. The fact that the pro- 
blem has not been considered from this point 
of view, may account for the failure^ in the 
study of a series of records at a single place, 
to furnish evidence of the action of the moon. 

The changes of the moon take place at a 
given moment on every part of the earth ; the 
greatest effect of a lunar tide ought, therefore, 
to be felt in succession entirely around the 
earth in the course of about twenty-four and 
one-half hours. 

The problem, however, has not been soked 
and cannot be determined by such casual ob- 
servations as those which you narrate. I bare 
not the least idea that the attraction of Yeirns 
produces any appreciable effect. It is too 
small to produce a result which would be 
indicated by any of our meteorological instru- 
ments. 



SiE RicHABD Phillips tells us in his " Chro- 
nology " that in 1787, a shark was taken in 
the Thames near Poplar, and in its belly was 
found a watch, with the name of Watson en- 
graved upon it. It belonged to a young 
gentleman who had been drowned near Fal- 
mouth. 

In 1785 died Peter Roy, who was watch- 
maker to the King of France. He was the 
author of the Memoirs for the Clockmaken of 
Paris, entitled ** Etrennes Chronometriques," 
Julien le Roy, a relation of this mechanician, 
was a famous French watchmaker, of whose 
reputation his brother artists in Paris were 
jealous, and they did what they could to 
imitate him. J. B. Baillon, the queen's horo- 
loger, tried to outdo him, and he made all 
sorts of whimsical clocks and watches, adding 
toys to them as the fashions of the court re- 
quired change. This man died young and 
probably the richest clock and watchmiiker ia 
Europe. 

In the palace of Versailles, in the Salon da 
Conseil, is a curious clock, that plays a chime 
when the hour strikes, and is set in motion by 
machinery, by which also sentinels are made 
to advance, a cock to flap his wings, Louis XIV 
to come forward, and a figure of Victory or 
Fame to descend from the skies and crown 
him with a golden chaplet. The Salle des 
Pendules in this palace is so called from a 
clock in it, which shows the days of the month, 
the phases of the moon, the revolutions of the 
earth, and the motions of the planets, besides 
the hour, the minute, and the second of the 
day. We may here mention incidentaUy that 
French clock cases were formerly accounted 
the first in the world, and those made by Boule 
in the time of Louis XIV. are looked upon as 
curiosities of good taste and workmanship. 
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to be addressed to the Editor, at the 
,ate, Z5f Northampton Square, E.G. 



Sditor of the HoBOLOoiCiX Joxjbsil, 

lappening to look over the Green- 

for 1870, I observed the balance of 

IOmeter standing highest was not 

M "without axuiUary," which was no 

) cause of the " little mistake " in 

arision of rates of chronometers in 

mal for April, pointed out by Mr. 

in the last number. I recollect 

zh pleasure that Mr. Knudsen, in 

mbers, favoured the readers of the 

sritb his valuable experience, and 

he will supplement his short ex- 

in the May number with some 

marks on the subject. 

Yours, &c., 

J. M. D. 



?here are several errors in my paper 
ver Escapement iu the Journal for 



59, col. 2, line 10 from bottom, 30° 
J 30'; line 11, for "rim" read 
*age 130, col. 2, for "working" read 
" and in formulae iu same column, 

read * This error also occurs 

a + b, 

2 , 

131, and on same page, j- should be 

JO, col. 1, line 9 from top, for second 
secant," page 132, col. 2, for, from 
>btain log 

d from page 131 we obtain log ~-T~j. 

X is used in several places instead 
18,) but the figures arc correct 

JOHX FEWTRELL. 
^am. 

all be glad to have Mr. Fewtrell's 
order to send him proofs of future 
ation.] 



hooked ends, and a spiral spring round the 
arbor which kept the one arm pressed against 
the snail steps ; the other arm was then in a 
position to catch the pins in the locking 
wheel. In the side of the locking wheel was 
a number of concentric circles corresponding 
to the steps in the snail, and upon which the 
looking pins were fixed. 

The action of the striking was this : — " Let 
us suppose it is one o'clock, one arm resting 
against the highest step of the snail, on the 
left hand side of the deep notch ; and the 
other on the innermost circle, with a pin 
locked against it, when the striking is let off 
by the lifting piece in the usual way, the de- 
tant arms will drop after the unlocking to the 
same position, and a second pin on the inner 
circle will lock against the arm, there being, 
of course, a sufficient interval between tho 
pins to allow one blow of the hammer, then, 
at two o'clock, after the unlocking, the snail 
arm of detant will drop unto the second step, 
and the locking arm will be on the second cir- 
cle of wheel, and will catch a pin on this cir- 
cle when the hammer has struck two blows, 
and so on till six o'clock ; after this, the snail 
arm is elevated a step each hour, and at twelve 
falls into the deep notch ; but there must have 
been some contrivance for lifting the arm up 
the steps, and out of the twelve o'clock notch, 
but I have quite forgotten this part. It was, 
however, the most troublesome and useless 
affair I ever met with, and was called Davi^a 
" Patent " lever clock. To take the striking 
part away from a clock of this sort would 
certainly be no sin, and I feel sure, " Tem- 
pus " will not be tempted to restore it. 



Birmingham. 



JOHN FEWTRELL. 



n reply to " Tempus," I had an 
clock to repair, over twenty years 
a snail like the diagram he has given. 
>uld, however, be another notch at 
1 to make the long step into three 
, we should then nave twelve steps 
common snail. 
>cking detant had two arms with 



Sib, — ^I hope the members of the Horologi- 
cal Institute will have many opportunities of 
inspecting together the large public and private 
works which are calculated to add so much to 
our knowledge of the many ways in which 
machinery is, and may be employed, in facili- 
tating and saving hand labour. I had the 
pleasure of being one of the party of Horolo- 
gical visitors to the Royal Mint on the 12th 
May, and was much pleased and instructed 
with the beautiful and accurate machines 
employed in the manufacture of our coin. 
The last process, that of weighing tho finished 
coin in that marvel of a little machine (invented 
by Collon) was particularly interesting ; tho 
machine delivering the half-sovereigns — it 
was half-sovereign day— into three separate 
boxes or compartments as quick as ene could 
count them : those that were too heavy, those 
that were correct weight or "medium," and 
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those that vroie light. I n^kcd the attendaDt, 
Tfho gave ub all the ezplanBlioiiB, what was 
the per centoge of the coin that was rpjecteil? 
and, after a few questions, ascertained that it 
was forty per cent., and sometimes more ; or, 
in other words, that nearly one-half of this i 
coin manufactured with bo much care, with j 
euch an excellent Bystera in gnaging and | 
weighing, had to be sent back to the melting ' 
pot on account of its imperfect weight. The 
couclusions I came to from this information 
were : first, that it cannot be more difficult 
to produce by machinery half-sovereigns of 
exactly corresponding weight than to produce 
the Ttrions parts of a watch to given sizes 
and shapes, even if we were agreed upon the 
exact sizes and shapes of the various parts of 
a watch, which at present makers are not. 
Second, that as wo watchmakers are not likely 
to have a better nystcm than that employed at 
the Royal Mint, no more accurate or expen- 
sive machinery — one pair of scales costing 
£600 — that we are not likely to employ it in 
watch manufacturing with better results. 
Tbinking the abovo facts might interest some 
of yours readers, I trouble you with this 
letter, and I beg to call the attention of those 
to it, who no doubt conscientiously believe 
the time at hand when we will be imitating 
the Americans in making watches exclusively 
by machinery. J). GLASGOW. 



SIDEREAL TIME OF THE BUN'S 8E 
METER PASSING THE HBRIDI. 
GREENWICH, AND EQUATION 0] 
TABLE.— JtJSB, 1874. 



Tisrr TO the RoiiL Mint. — Thirty of the 
members of the British Horological Institute 
paid a visit to the Royal Uint, on Tuesday, 
12tb May, by permission of the Deputy- 
Master, and were favoured by an explanation 
and inspection of the various operations cm- 
bodied in the operation of coining. By a 
regulation of the Slint authorities, the mem- 
bers were divided into batches of sis, the 
circuit of each party occupying about forty 
minutes. The workshops were models of 
orderly arrangement. The machinery for 
stamping out the blanks for half-sovereigns 
from the bars of gold previously rolled to the 
desired thickness, was especially noteworthy, 
the rapidly recurring motions exercising a 
faeination on the beholder. EquaUy ingeni- 
ous were the methods of turning up the 
edges and milling the coins. The attention 
of members was particularly directed to 
tbo method of iorming the dies; a piece 
. of soft steel, turned conical in shape, 
being forced with enormous pressure by by- 
dranlic power against abardenedrcprescntdtion 
of the coin the die was required for. Perhaps 
the culmination of mechanical skill is ex- 
hibited in the exquisitely sensitive automatic 
arrangement in use for weighing the finished 
coins. Altogetberthe visit wasmoBt interesting. 
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IMPROVEMENTS OF THE LEVER ESCAPEMENT. 

aper read before the Members of the Institute, by Mr. W. G. SCHOOF, on Wednesday, 

June 17th, 1874.] 

Mr. John Jones, F.B.G.S., Vice-President, presiding. 



]7E and pocket chronometers have been 
;lit to such perfection that it would 
st seem impossible still further to im- 
5 upon them. This, however, applies 
strictly to marine chronometers, which 
onstincted to perform always in the same 
ion, being suspended on gimbals, and 
fore they are not subject to errors arising 
the different positions in which pocket 
lometers have to perform. They are also 
lubjected to violence and sudden changes 
)tion, f.nch as watches have to undergo in 
ary wear. On this account the spring- 
it escapement, which answers so well 
irine chronometers, has almost entirely 
supplanted by the lever escapement in 
lies. Nevertheless, the spring-detent 
ement has its weaknesses, of which even 
arine chronometers it would be well to 
id, provided the same accuracy of per- 
mce could be secured. The balance gets 
ipulse only every oscillation ; that is, at 
' other vibration, whereby some amount 
"ce is lost in the drop which the escape- 
must have when giving its impulse to 
oiler. This loss is much greater with 
spring-detent and duplex escapements 
with such escapements as the lever, with 
1 the impulse is given at every vibra- 
So much is this the case that, other 
B being alike, a larger arc of vibration can 
)tained with the latter than with the 
T escapements. The unlocking action 
I the balance has to perform in connec- 
with the spring - detent escapement is 
resistant than with a well-made lever 
sment, as it not only has to displace the 
ig pallet but also to bend the spring. 
B, if a larger arc of vibration, or a heavier 
ce, was not desirable, a weaker main- 
l might be substituted, which, besides 
less liable to break and set, also reduces 
iction on the pivots and acting surfaces 
neral. The advantage of this decrease 
ction might not be shown in a short 
such as chronometers have to undergo 
competitive trial at Greenwich Obser- 
r, but would undoubtedly be shown in a 
neis of rate during long intervals, because 



a gradual increase of friction, arising from the 
wear of the pivots thickening the oil, is one 
of the causes, although not the only one, 
which alter the rate. 

Another disadvantage of the spring-detent 
escapement is its liability to trip when the 
timepiece is rotated so as to increase consider- 
ably the arc of vibration of the balance. On 
the contrary, the same rotary motion may 
cause the timepiece to stop, or set, if it should 
happen to be against the vibration of the 
balance, instead of with it. These remarks 
apply, of course, with much greater force to 
the pocket chronometer with the spring- 
detent escapement than to the marine chrono- 
meter with the same escapement, on account 
of the much greater care which is taken with 
the latter. 

It may be here remarked that the chrono- 
meter escapement as used at the present day 
is the same, or nearly so, as perfected by its 
inventors, Eamshaw and Arnold; whereas 
the lever escapement has undergone a long 
series of modifications, whereby it has now 
attained a degree of perfection which fairly 
entitles it to be considered a sounder and 
better escapement than the spring - detent. 
Indeed, the lever escapement has almost en- 
tirely superseded the spring-detent for pocket 
chronometers, and it is submitted that its 
use in marine chronometers would be attended 
with as good results. There really seems to 
have been but one objection advanced against 
the use of the lever by some chronometer 
makers, and that is the necessity for oil on 
the pallets, although other makers consider 
this objection altogether absurd, while others 
again maintain that on a short angled* pallet 
oil may be dispensed with, even with a brass 
or steel escape- wheel. Neither on the verge 
of the verge watch nor in the notch of the 
lever, nor on the upright teeth of the escape- 
wheel of the duplex, nor on the teeth with 
the spring-detent escapement is any oil ap- 
plied, it being considered rather hurtful than 
beneficial. It has, however, been found that 



* A short angled pallet is one that will give an 
angular moden of from 8 to 10 degrees to the lever. 
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with a brass escape- wheel the vibrations will 
after a time fall off if no oil is applied to the 
wheel teeth, although it appears, thanks to 
the properties of the balance spring, that the 
duration of the vibrations remains the same ; 
but with a large angled pallet the decrease in 
the arc of vibration will be much greater than 
with a short angled one. Still, as oil is found 
necessary with the wheel as usually made, it 
is submitted that the oil may be dispensed 
with by using a ruby short angled pallet and 
an escape- wheel with gold teeth, or, perhaps, 
the points only of gold. Such a wheel might 
be made in a similar manner to that by which 



teeth and a fifteen tooth wheel, point to about 
the middle of the opposite driving plane; but, 
with a wheel of ten and pallet escaping over 
two teeth and the same angle of impulse, 
namely, Un degrees, the driving plane would 
point considerably above the locking corner 
of its opposite pallet, so that it would be 
equivalent in the lightness of its action, or in 
the pressure on any given point, to a five or 
six degree pallet of the other combination. 

But an escape pinion of fewer teeth or 
leaves, and a fourth wheel with a greater 
number of teeth, would, of course, be necessary 
in order to have the fourth wheel travelUng 



the blanks for compensation balances arc ; once round in a minute, or showing correct 
made, by melting gold around the edge of a seconds ; but this cannot be a drawback, as it 
disc of itccl, or by soldering a ring of gold , lessens the pressure on the locking planes in 
around the disc, from wliich blank the wheel the same proportion as it lessens the pressure 
would bo cut in the usual way. Tbe ad- on the impulse planes. In the marine chrono- 
vantage of using steel, instead of gold entirely, I meter, on the table, the usual escape pinion of 
is that greater strength and lightness would j ten has boon supplanted by one of eight 
be secured. If we inquire into the reason \ Icavee, and the usual fourth wheel of 80 by 
why oil should bo given on the wheel pallet one of 06 tooth; which gives, with the ten 
of the lever oscapomont, and omitted on tho toothed escape-wheel, the usual number of 
impulse pallet or roller in tlic spring-detent ! 14,-100 vibrations per hour, or 240 per minute, 
escapement, the answer must be that it is on I and each beat is a quarter of a second of time, 
account of tho opposite direction in wliich the In the watch here shown the usual wheil 
short pallet of the lover oscapomont is im- \ and pallet is used, but in connection witli 
polled to tho motion of the osoapo-wheel ; and, ! improvements in the lover and roller and 
if il wore practically pos>iblo, tho long pallet ! resilient actions which shall be described 
which is impelled in the same direction as the '> presently. 

escape-wheelmight bo loll without lubrication. The improvements in the kver escapement 
In fact, the short pallet's motion is a slide with now to be described give it still greater adran- 
a thrust, whereas the long pallet's is a slide tages over the spring-detent. In tbe first place, 
with a drag. the escape-wheel is planted in a straight Jin6 

It may bo further hid down that the neces- 



sity for lubrication on the short pallet is 1 , 
in proportion to the pressure which the tooth 
exerts on any given point of the pallet ; 2, 
that the greater tho perpendicular height 
through which the pallet has to be lifted, the 
greater is the pressure on any given point ; 3, 
that the stronger the pressure on any given 
point, the thicker ought the oil to be which is 
used as a lubricator ; 4, the less the number 
of teeth that the pallet escapes over, the 
shorter is the perpendicular height through 
which the wheel pallet has to be moved in 
order to produce the required number of 
degrees of impulse. 

The smallest number of teeth which we 
can make a pallet escape over to a 15 tooth 



between the pallet and the balance staff, w 
that the arbor of the escape pinion passei 
through a hole, or slot, cut in the lever ind 
large enough to free the pinion arbor whfiB 
in action ; thereby securing two ad^'antagO 
over the so - called right - angled lever, » 
escapement planted so that the centres of flM 
wheel, pallet, and balance staff form a rig^- 
angled triangle ; firstly, the power of tte 
escape- wheel is given on the same nde of the 
pallet pivot as it is transmitted to the balance, 
thereby securing for the escapement a similir 
advantage to that which the reversed faaec 
gives to the train ; secondly, the lever and 
pallet, forming a cross, can be poised so as not 
to cause the error in positions which ariaes 
, from unpoiscd lever and pallet. The poised 



wheel is three, unlobs we make the wheel lever would not be required for a marine 
I'each beyond the pallet arbor ; but with an j chronometer, because it is always kept in the 
escape, wheel of 10 teeth and a pallet escaping same position, and, of course, it wotdd be 



over two teeth, we decrease the perpendicular 
height by one-sixth, or nearly 17 per cent., so 
that the pressure at any given point is less in 
the same proportion. 

The driving plane on the short pallet of 
ten degieea would, with a pallet oyer three 



most important in high class watches. 

In the next place, the escape- wheel is made 
of steel, but with gold teeth, so as to lessen tbe 
weight of the wheel and diminish the friction 
on the pallet. 

Further, the escape-wheel is maAe irith 10 



m, im.] 
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eethonly, and the pallet embraces a space 
ind a half, instead of the nsuul wheel of Bf- 
een teeth with pallet CBcaping over two and 
i half spaces. This shortens the distance 
fhich the wheel has to lift the pallet in 
rrder to get the same nsual angular motion of 
:he lever. The mode of escaping, the mate- 
id of the teeth, and the position of the whe 1, 
fonjointly conduce to lessen the necessity for 
*il on the pallets, if not entirely to remove it. 

Aathe improvements in the lever and roller 
letion, now to be referred to, have the same 
Ajects, or purposes, as the so-called two pin 
wipement, invented by George Savage, it 
■ay be stated that his invention was intended 
;o separate the unlocking action from the 
mpulse action, and, at the same time, to 
^rform both as nearly as possible in the line 
>f centres of the roller and the Itvrr, whereby 
aiction is considerably diminished ; also to 
^ma the unlocking action nearer to the 
Jentrc of the roller than in the ordinary lever 
icapcment where one ruby pin does for both ; 
tl^rcby an easier unlocking action is secured. 

He attained these objects to a limited ex- 
at only, because it was found by experience 
kat unless the notch in the roller was made 
naeh wider than was othcrwi.^ necessary, the 
Bpulse pin in the lever would, under certain 
ontingencies, such as an extra rotary motion 
«ng given to the balance by the wearer, abut 
funst the opposite side of the notch and so 
Btofbre with the continuous free vibrations 
f fhe tMilance. The unlocking pins, or jewel, 
id therefore to be put much farther from the 
ntie than was originally intended, so much 
I tiiftt in this escapement, as made at the 
■Kent day, the unlocking pin, or jewel, is 
vt ai sear to the edge of the roller as it 
(ft poBsibly be, thereby giving up the in- 
md advantage of easier unlocking. Never- 
McM, all these advantages, aimed at by 
|sv|ge, can be secured even to a greater ex- 
9t by improved arrangement. Instead of 
inag a notch cut in the edge of the roller, 
pd a single pin in the lever acting on each 
idcof the notch alternately, a jewel may be 
Ittited in the middle of a small crescent in 
kfi edge of the roller, and this impulse pin, 
r pallet, can be allowed to perform the last 
actional part of the unlocking action by 
ngaging with two upright pins or pallets 
iied on the lever, which act both as impulse 
^ guard pins. This arrangement does away 
4th any possibility of the aforesaid abutting, 
ri allows the unlocking action to be per- 
ffined by a ruby pin put very near to the 
tttre of the roller, whereby an easier unlock- 
taction is secured. 

This conatraction of tho lever escapement 
m &oilities for the application of mechanism 



for preventing tho possibility of banking error, 
which in ordinary escapementa is caused by 
the striking of the impulse pin against the 
lever after having traversed a full turn in one 
direction, from its i)Osition of rest, without 
having finished its motion ; which mechitnism 
is of great importance in high class watohes in 
which a large vibration, thin pivots, and a 
heavy balance are necessary. 

The specialities of these improvements, as 
respects the resilient action, will now be stated. 
Perhaps the best of the modes by which this 
is proposed to be obtained is the one in which 
a scparjitc yielding banking piece is place<l in 
such a position as the construction of the 
watch conveniently allows. It consists of a 
flat piece of steel, carrying the two banking 
pins and centered on an axis which allows it 
to move freely, and hold in position by a 
spring close to the axis. Under ordinary cir- 
cumstances this acts the pirt of the usual rigid 
banking. When, however, the balance per- 
forms an abnormally large arc the unlocking 
pin, striking tho back of the prongs of the 
lover, causes tho lover to press upon the bank- 
ing ; and this force, acting upon the detaining 
spring, causes it to yield so as to permit the 
unlocking pin to pass, instead of rebounding, 
as in the ordinary lever watch. This plan 
does not add to the weight of the lever, being 
altogether detached. 

Perhaps the simplest moilo of obtaining the 
resilience is the one in which the mechanism 
is formed upon the lever itself, using rigid 
banking pins. A long spring, bent double, i« 
fastened at the bend in a stud on the tail of 
the lever, and roats with its free ends in the 
prongs of the lever, the ends being left broad 
enough to go into the prongs. The fork of 
the lever i« here formed for the mere porpoae 
of holding the spring in posidon. The «ida 
of the spring protrude far enough to amrve 
the purpose of the fork in the lever naed in 
the arrangement previously de<icribed. The 
action is as follows : under the ordinary going 
of the watch the unlocking pin acts on the 
inner side of the spring, which is held rigid, 
against a force on this side, by the fork of the 
lever. When the balance, however, receives 
an abnormal vibration the unlocking pin 
strikes against the outer side of the spring 
which allows it to pass onward, being yield- 
ing to force on that side ; thereby preventing 
the so-called banking error, and also the bend- 
ing of the balance pivots and breaking of the 
ruby pin, which sometimes result from too 
violent banking. 

The details of these improvements are re- 
presented in Fig. 1 to 5, in which A repre 
sents the lever ; B the roller ; Q G the bulk- 
ing pins ; D the resilient spring ; F the im- 
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pulse pin ia the edge of the roller ; C C the 
rertioal pins in the lever ; H H the prongs of 
the lever ; K the fulcrum of the lever. 

In Fig. 1, Q G L is tho yieldiag banking- 
piece, mounted freely on the axis L, hut Icept 
in position by the controlling spring D, and 
carrying the hanking pins G G. Pig. 2 is a 
aide view of Fig. 1. Fig. 3 shows the resi- 
lient spring D d, planted edgewise on the 
lever by the stud k, and held in position by 
the prongs H H, ao as to form the unlocking 
surfaces d d, on which the unlocking pin E 
acts. Fig. 4 is a side viev of the lever and 
spring in Fig. 3. Fig. 5 represents the 
rimplcst form of escapement in which the pin 
E acta both as unlocking pin and as receiver 
of the impulse ; thus making it very similar 
in its action to the lever and roller as corn- 
Figs, 1, 



monly made, but with this difference, that, the 
impulse being given at the outer circle of the 
roller, it admits of a sounder safety action, m 
much so that the expensive double-roller 
escapement is rendered quite unnecessary. 
The same remark, of course, applies to Figi. 
1 and 3. 

To show more in dettui the advantagea 
which are obtained by these improvemenb 
over other forms of escapements, it will be 
necessary to compare them with the fomu of 
the lever escapement which most , closely le- 
semble them. To begin with Fig. 5, it will 
he proper to cimpfire it both with the ordinary 
lever and with the double-roller escapements. 
In the former the unlocking and impolae 
actions are performed by a ruby pin puced 
indde the edge of the roller, bo as to hare 
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erably more work and greater skill ire 
ed to make this escapement. In the 
ment represented by Pig. 5 the impul« 
ad* as much outside the circumference, 
represents the safety circle, as the mhy 

st be planted inside the same circle in 
tinary roller ; and, although the distance 

of the t ,vo upright pins from the centre 
the lever must be deducted from the 
e the ruby pin is inside the roller, in 
a compare the closeness of escaping, the 
nd roller, as in Fig. 5, can be escaped 
B as tho double roller and will give, ill 
lings being similar, the same amoast 
ation to the balance with perfect Mfet; 

because the Impulse pin ragageathe 
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two upright pina in the lever lonR enoii(;h to 
bring them alternately in contact with the 
wllor jnat ontnide the crescent, under such 
ronditdons as make the safety action nocesaary. 

Fig. 5, as well as Fig. 1, of course, may he 
made sjith or without resilient action, which 
"wonid perhaps only be neceasary in high class 
-work; but the ordinary hanking must he 
used when rcailience is omitted. Without the 
resilient, or yielding, banking pieeo Fig, 1 
-would most nenrly resemble the two pin 
escapement of Savajrc. It has, however, 
confdderable advantage over the latter. 

The prongs of the lever con he mode nearly 
to reach the balance staff, but they should be 
carefully made the right diatonce apart and 
in the direction ea shown in tho drawing, in 
onlcr to give the unlocking pin as much of 
the unlocking action to do as possihle. For 
this purpose the impulse pallet in the «lgc of 
the roller should be made thin, and tho chord 
of tho crescent should measure nearly twice 
tto distance of the pina apart, including their 
diameters. These pins should he made as 
thin as the usual guard pin is made ; and, if 
short and of hardened stiel, they wilt be very 
itrong and not likely to be bent. 

Tho acting lengths of lever and roller 
■bould he made sufficient to give an impulse 
of about 3.5 degrees to the balance, which 
wttfa a lever motion of 10 degrees nett would 
~^ ■ a three and a half to one. 

e conditiona are mt absolutely nccca- 

r for oidinary good action ; hut with them 
" it possihle -vibration is obtained, amount- 
~ ' t 25 to 30 per cent, more than can 
1 with tho two pin cBpapcmeut, alt 
gB being alike, or similar ; on ac- 
F its more favoumhle li'verage giving 
ttiitr unlocking and less toss from drop in 
tilp notch than in the two pin escapement. 

The yielding banking can bo added in 
tlirrc-quarter plate watches underneath the 
dial, over and on the plate whidi contains the 
pivot-holes of tho escapement. This plate 
should be made thin enough to allow room 
for a thin piece of sttel between it and the dial. 

The ordinary banking pina should be placed 
in bcibII holes, as near the halance-holes as 
convenient; and, when correctly placed, cor- 
responding holes should be drilled in the piece 
of steel which has previously been screwed 
firm in position underneath the dial. The 
screw or fulcrum, on which this bonking piece 
moves, should be placed as far away from the 
banking pins as the space in the movement 
»i]I permit, and as close as poFsihle to the 
other end of the banking piece, which is here 
hoU<rwed out in tho edge to engage with a 
aprisg, placed in proper position round the 
inaide edge of the -watch movement. In fuU- 



jjlato watches and marine chronometers there 
will be plenty of room uudemeath tho upper 
plate for this purpose. It may here be stated 
how a safe re.'tilient action, free from abutting, 
should hr secured. The resilient, or yielding 
banking piece, should not be allowed to yield 
farther than just neceasary for tho unlocking 
in or piillet to pass, which may he donp^ 
ither by a pin placed on each aide of tho 
bunking piece, or by allowing the opposite 
ends of tlic hanking pins just room enough in 
the plate for that purpose. The prongs of 
tho lover should be formed into a point on tho 
oxfremo ends, so that should the unlocking 
me to rest on tho top of the lever prongs 
slip oif on either aide. Tho same holds 
good with the resilient action obtained hj 
FiR. 3. , 

By comparing these resilient aetiona with 
such as are obtained hy the escape-wheel hold- 
ing the lever, or hy tho tail of the lever being 
formed into a spring without any other sap- 
port, it will be seen that any extra jerk 
given to Iho watch ivill cause much less -vibra- 
tion or tremor on the lever, as it is supported 
at tho end opposite to that on which support 
is given hy those resilient escapements. 
There is no necessity for unusual freedom 
between impulse pallet and the notch formed 
by the two upright pins on the lever, and tha 
ordinary inexpensive wheel and paUet may bo 
used, so that a common leverwatch cin cosily 
converted into a resilient lever. 
As the improved pallet and wheel action 
have already been spoken of, in tho beginning 
Fiff. B. of this paper, it will 

only he necessary to 
mention that Fig. 1 
represents tho wheel 
with ten !*cth and 
pallet escaped over 
oncandahulfspacea, 
and Fig. 5 the ordi- 
nary fifteen toothed 
wheel with pallet 
cacuping over two 
and a half spaces. 
Uoth wheels are 
and bi^th pallets are 
drawn with a lifting angle of 10 degrees, so as 
to make the two comparable, and showing the 
diminished distance. Fig. 1 wheel pallet has 
to be moved for the same degrees of motion. 

For smalt watches a roller and impulse 
pallet of the same piece, or an extra smaller 
roller carrying the unlocking pin or pallet, 
would be advisable, as tho roller pallet other- 
wise would not have the necessary depth ot 
hold in the roller; such a roller is represented 
in Fig. 6, and, if preferred, the small wUcr 
' may bo used aa a safety-roller, 
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DISCUSSION. 

The CHAisirAN said it was impossible to 
oTer-estimate the importance of the subject 
which Mr. Schobf had opened. The improve- 
tiient of watches was a matter the whole 
World was interested in. While many endea- 
tonred to cheapen the production of watches, 
there .were men in Clerkenwell who had 
Earnestly turned their attention to the neces- 
sity of perfecting watches as timekeepers ; and, 
from his carefully-prepared paper, it was evi- 
dent that Mr. Schoof had in view the advance- 
ment of that end. The eminent men in that 
room, makers of the highest class work, 
would, no doubt, have some remarks to ifiake 
upon what, perhaps, he might venture to 
call the rather startling propositions of Mr. 
Schoof, who, he had no doubt, would be well 
able to defend his ground. He (the chair- 
man) would suggest that they should take 
the classification adopted in the paper. There 
Was, firstly, the rather jeopardising thought 
that oil might be dispensed with by using 
the pallet wheel teeth tipped with gold, and 
adopting the adventurous idea of discarding 
the fifteen toothed escape- wheel in favour of 
one having ten teeth and escaping over a less 
number. Upon that point he should like to 
b6ar the Opinion of the makers present, and 
afterwards they could consider the vdue of 
the unlocking nearer to the centre, and the 
other propositions made by Mr. Schoof. 

Mr. TnuKG said he had over and over 
again tried escapements without oil in instances 
where the teeth of the escape- wheel were of 
gold, but the result was always unsatisfactory, 
no matter how many teeth were 'scaped over. 
He thought it would be unwise to alter the 
number of teeth in the escape wheel from 
the universal fifteen. Mr. Schoofs arrange- 
ment was not original, he himself had 
described something similar in a competitive 
essay he had written some time ago for the 
Institute, as Mr. Walsh could verify. No 
doubt the escapement of Mudge was perfect 
in principle. They had simplified some of the 
details with advantage, but Mr. Schoofs pro- 

Sosal to unlock so near the centre was a 
eparture from the principle of Mudge that 
Would not give good results. The guard pin 
not being small was also a weak point. 

Mlt . Baxstaxd considered gold wheels, which 
he hdd tried of various alloys, worse than 
brass, and even preferred steel wheels, which 
Would go longer without oil. 

Mt. W AL6E said that steel and stone would 
(xftUdsly generate rust. One point in con- 
neiitioii ^vHth thd nnloeking pin near the 
06Att6 WM th&t the unloi^king was performed 
l^tttly iaitead 6t iilith A peroiMive force. He 
flM^t, if the itWiB$ Were donMt, thero 



would bo a liability of the impulse pin to 
catch. 

Mr. Isaac had found brass wheels to answer 
better than gold for pocket chronometers. 
Mr. Schoof was probably aware that the late 
Charles Frodsham tried many experiments 
with escape- wheels having various numbers of 
teeth. It was easy to cavil with details. Of 
course long trials were necessary to solve the 
matter, but he thought great credit was doe 
to Mr. Schoof, who, he hoped, would reap a 
golden harvest to compensate him for the 
pams he had taken. 

Mr. Schoof said that from a daily practice 
of thirty j ears he could speak confidently of 
the value of gold as a material for rubbing 
surfaces, not only for wheels but for stoppiagi. 
Of course some alloys might not answer. ' 

In answer to Mr. Tillikg's remark that 
with the unlocking pin near the centre of the 
roller no good results could be obtained, the 
error of that remark could easily be proved 
by allowing the balance to vibrate withoit 
the balance spring, and was also refuted \pf 
the increased vibration obtained with hn 
(Mr. Schoofs) lever and roller action, tat 
that purpose the unlocking action could he 
performed by the pin or pallet in the edge of 
the roller. Such an arrangement is repie* 
sented by Fig. 6. 

In answer to Mr. Walsk, the part of tiie 
safety action which is obtained by the root of 
the horns against the ruby pin in the ordinary 
lever might with advantage be imitated ia 
his escapement against a projection on the 
smaller roller already spoken of. The other 
part of the safety action against the circiiB* 
t'erence of the larger roller was more perfeei 
than in any other known form of levee 
chcapement. 

The Chairhax, in moving that the thaaki 
of the members be accorded to Mr. School^ 
said it required an amount of courage to coibv 
before a body of men, especially watchmakeny 
to tell them that they had bfcn holding 
erroneous ideas all their lives, and wateh- 
makers were particularly hard to convince of 
the meiits of anything new. 

Mr. Glasgow said even if every point advance.! 
by Mr. Schoof were an error they were deejdy 
indebted to him for coming there that even- 
ing and reading his carefully-prepared paper. 
The great want of their trade was men who 
would think at all, and it was only by per- 
fecting every detail so as to produce the finest 
watches that England could hope to maiataii 
her position in the markets of the world. Be 
cordially seconded the vote of thanks* 

The vote of thanks, having been oarfMi 
i^as acknowledged by Mr. fkOMtut, aMltki 
pioeeedifigs tenawateii 
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RULES FM THE COKSTIIUOTtOII OF tSTROHOHICIL, NIUTIML, IKD OTHER EXtOT TIME HEtSUIEas. 
(Bt TTKBAN JTJRGENSEN.) 

(Contintied Jrom Page 138 J |aDCetoits motion by the thickening of the 

Of TBI BniaiurcB op thb Ajb to thi "ii "* it* pivota. The shaking which e watch 
CoKPEKBATioif BiLAircE. , i* Subjected to in carrying in the pocket, or 

In mdstance of tho air i, much greater to ' »""" »li»««n>eler on board ship, a«eot 
Ibe compensation than to the ordinary balance, T'tJ' '"" "" "^''"^ " "" <""11"'»'»" '^ 
the compensation balance haying usually a ^''^yr'"',"- .. . ^. ^ ^ „ ,,. 
Ugher Telocity and a mnth grealjr extent of ,. ^'".' •Iteration in the eitcnt of the oscilla. 
mifaoe than the bJanccs which are found in ''"• " particularly uij uncus in those tine 
■rfinary timekeepers. Ibis resistance is "cnsurer. wli.rotho bighe.taccmwyissongbt 
ptttUnlarly remarkable in marine cl.roncme- '"' Two talentrf men have in difcrent way. 



... through the largo diameter of the ""=»»» ™" difflcnlty. and baTO given i 
»Iuie»i as we shall see later, from the ex- ?™ ™"" '» """ ' "f' .«" "ciUation of the 
serimenta which I have made in this „.^ balance to bo p.rfomed in Uio same tune, m 
the o«iillatious .0 much ''"!"•'' ""'iTf ';■'"?:'"'''" ""■'" 



Hut in Older to make them sufficiently oi- l«'i"« .»f the balance isocbrona.' 
tennive, it U neces«iry to increa«i the motiTC ,. P" i"?"!™""" »' the oscdlatious of the 
Ibroo in proportion, as the balance is affected '"^^"J^ " "" foundation of accuracy in 
by the air. But we are not in a position to ™!"» chronometers. Tbc two celebrated 
reduce thie resistance of the air to the lowest """" ^°°°'. ',« '"'7" '' thank for the dis- 
po«iblodegree, neither by giving the balance T'?. "f.^""""" aooemplished their 
.mdl diameter, ncr by iesKming its velocity "¥?''" ?'«•"''?''•?•■ ,. , . 

for in both case, a real Klv.ntago would bi , ,f ™« !■ Boy •method which i. moatly 
uoilced, in order to overcome a much smaller fj"™'''. '• 'o^i'^ 'V" the tet, that a very 
evil, aahaa been before remarked in treating '??'* '"'™''' >Pn«e.wbicli is of the same 
of tho resistance of the air to the balances of 'J'*"" tbroughont ,t. wbolc length has, by 
ordinary w.tchee. AU that we can do is to y" "°'™ '' "" '"'■»;?• ita tension mcre.ced 
ndoeo, .. much as posnblc, the surfaces which " ""f «""'" proportion than a long spnng 
raffer redstance, and make them of such shape i '■■■.•„ J" con«»,uenc of this a Urge arc of 
•a ia beat adapted for cutting through the air. •» "ticn » completed in less time than a 
Omi diminirfies the nee of the compensaticg f™" "»■ . "^ tho other hand, in a yeij long 
nd regnlating weight., and by comequence. """ ff™!!, with the arc of oacillakon ■! 
the rSiatance of the air, by employing a '"'""i "' 1"/P»"™ "' the tcnnon is vOT 
meUl of grmiter specific gravity, such as mid "'"'' '"•'■ "* "tlj" case the larger o«!illa- 
or pUtinum, which i. in this ie.poct better. ""• "° """Piftf" " '""S" timo tbm tho 
If we give tho compensating icighla tho f™'' "■'■• Between these two extreme 
shnpo diown in Fig. 23, p. 138, they will '"l^ *"'?" * ™" "h";" tho large «id 
natSnUy cut through the air better than fmiJl "filWion. are of equal duration. Tbij 
thoae which present broad and flat surfaces. !* the tlieoiy, and by exponcnce we find that 
A. for the regukHog sciews, it is well to mpmctico it i. completely correct. 
make the heads of a linticnlar shape, like mi rcrdinond Bcrthond's melboa of producing 
oidinarj pendulum bob, or, at least to make «» isochronal balance spring is fonu Jd upon 
them a. little «at as poKsible, ai round ofl-," ,™'""'y ''',l'«™t Vraoifl, » Pierre le 
the comer.. In thiaway, the resistance of f'"?" " h' »"«'?• '■""fro"™ bf »c.na of 
Iho mr ia v.17 much decreaaed. : *" ''"" ''"'"^'^e ''"^ '?} ''^ 't' '•"Btb.t 

ifcrdmana licrthoud niakca the epnog proper 
T» ImcssofisK op the Oscillation ov "• pi^^^^rR^ end Feidinud Berthond h>Te 
TEB BaIiAXCB, Aim 07 TH£ Ctliniibical i giTeti ua the methods b; which thej were enabled to 
Balivcx BFKtita. achieve a perfect uoehroiiiam bj means of the 

The «P0 rf MciUation of tho bailee :*'''j""Ttetb°fB U barfly correct. Bertbond'e method 
becomn ccmnanUj imaller the longer the vtugradaatiii^thethltknauaftheBpriDg. Another 
iratcb gfKt, for the Itiction increasei through ! inventor einco the time of Jiirgeneen, Frofawor 
the Mcnmuletioii of dirt and the thickening Phillips, of the School of MImb, of Parie, has pro- 
of the oU. and thai pwTenU the wheel work , ^'f t\Ti^,'1:.^LAJ^vd'^^i'!Tv)' «5 
. , ' .... "^ ■ , . ,1. 1. 5 i/Drtn of the balance npnng'. Kidcp. 13, rol VI., ana 

froB tnaniiUtag u maeh force to tho balance, /_. 9,, ^^i. xiy. of the Jlin,lo,icalJi>mn,tt.~avaam 
vhU UMlf •spoioaeee a additioiiBl tesiet- ' jUns. 



168 



THE HOROLOGICAL JOURNAL 



[July, 1874 



tionately thinDer, eiifouet (like the thong of a 
whip), as the distaoce increases from the mid- 
dle point of the spring. By this means a 
shorter spring than that of Le Roy's may be 
made isochronal. 

Either method may be usefully employed, 
but Le Roy's is uped wherever possible, in 
consequence of the great advantage of re- 
quiring only a wire of the same thickness 
throughout its length. In watches the size 
and si ape of which do not permit of a very 
long spring we may fall back upon Ferdi- 
nand Berthoud's method, but in carrying it 
out we are met with the very great difficulty 
of reducing the size of the spring in an exact 
and suitable proportion. 

We shall further on resume this important 
subject of isochronism, and give the propor- 
tion which experience has shown to be the 
best, between the duration of the large and 
the small oscillations of the balance, because 
in practice it is found that in a chronometer, 
the rate of which should be the same for a 
long time together, it is well that the 
isochronism should not be theoretically per- 
fect. This point can only be got at by trying, 
which, of course, necessitates that the chro- 
nometer should be finished and going, so that 
it cannot be treated of in this part of the work. 
The shape of the balance spring in a marine 
chronometer is shown in Figs. 24 and 25, 
which, as is seen, is cylindrical.* The balance 
springs in chronometers are generally made 

either of gold or of steel. If 
steel is used it may be 
hardened either by the fire 
or by drawing. Most springs 
are not fire-hardened, but by 
cold drawing, and experience 
has shown that in this way, 
by means of compression oif 
the particles of the metal, 
the spring obtains the neces- 
sary degree of hardnt-ss or 
elasticity. In hardening the 
spring by the fire there is a 
possibility of its becoming too brittle a thing; 
we need not fear when the wire is drawn 
hard. The art of making balance springs of 
steel is the easiest and quickest, because flat 
and hard-drawn wire of every size is readily 
procurable, though I use 16 to 18 carat 
gold for the balance springs which I make, 
and have every reason to bo satisfied with 
this metal, for it has all the elasticity 
that could ho wished for, although the 
making of a gold balance spring is a much 
longer and more troublesome operation than a 

* The balance spring which has the most elas- 
ticity and gives the greatest freedom to the motions 
of the bAlanoe ia the spherical. 
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steel one for which wo have the wire ready 
made to hand. I have not been able to 
abandon a method which has proved so good, 
and which, besides, possesses this great ad- 
vantage — that a gold spring is quite secure 
from rust, a thing which sooner or later is 
sure to attack a steel spring in a marine 
chronometer.* By trial with a suitable in- 
strument, constructed for the purpose of deter- 
mining the elasticity of balance springs, it has 
been found that those springs made of 18 
carat gold (when the gold is alloyed with 
pure copper and drawn into wire in the usual 
way) retain their elasticity when submitted to 
a torsion of 360° and even more. This is not 
the case with springs of hard rolled steel, as has 
been proved by the following experiments:— 
Having taken a piece of round steel, as pure 
as possible, of one millimetre in thickness, 
this is passed through the draw plate, with- 
out annealing it, to convert it to a flat wire 
iV mm thick and -^ mm broad. This wire 
was so hard that on bending it it almost 
broke like glass. Prom this a spring was made 
which was applied to a balance, but on sub- 
jecting this to a torsion of 360° the spring 
gave way more than one degree. This ex- 
periment was made several times with other 
hard-drawn wire, giving in every case nearly 
the same result. The same experiment was 
made with wires not drawn so hard, and the 
alteration was double, treble, and so on, ac- 
cording to the hardness ; in steel quite soft 
the bending was much greater. Thus it is 
important that, to obtain a high degree of 
elasticity, the balance spring should be 
hardened and tempered. Eighteen carat gold, 
when it is alloyed with pure copper and 
drawn into wire, preserves its elasticity com- 
pletely, and can therefore be used with ad- 
vantage in marine chronometers, as it does 
not rust, but we must remember that a golden 
balance spring requires heavier compensating 
weights on the balance, in consequence of the 
greater expansibility of gold over steel. 

♦ With regard to the preference exhibited by 
many for a hardened steel spring OTer one that if 
not fire-hardened, or a ^old one, I will here prodnoft 
the testimony of Arnold, for the opinion of such a 
skilful and celebrated artist most hare the greatest 
possible weight, and be an article of faith for alL 
He says: '*The cluronometer. No. 36, which wia 
tried by the Astronomer Royal, 25 years since, 
had, and still has, the same spring of tempered 
steel. Mr. Edwards* chronometer. No. 68, had, uA 
still, has the same spring of gold ; and the maziae 
chronometer. No. 82, had, and I belie ve still has, the 
same spring of hard roUed steel. JBsperienee U m 
favour of (M three. I think the gold and temnefed 
steel will retain its identity longer than the ower." 
Thus it appears that Arnold had equal anneees with 
spring B of hardened and unhardened ateel and dt 
gold. Where all thingb are^alike in regard to daafti- 
city, it is dear that the prefezenoe should be girea 
to the balance spring which ia not EaUe to nut 
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ABSTRACT OP THE EBPORT OP THE 
A8TE0K0MEE EOTAI TO THE BOARD 
OP YISIT0E8 OP THE EOTAL 0B8EEYA- 
TOET, SEBENWICH. 

[Read at the Annual Yisitation of the Royal 
Observatory, 1874, June 6th.] 

The only alteration of any importauce in the 
buildings surrounding the Front Court is the 
indosurc of the Mean Solar Standard Clock in 
the Ball Lobby within double sashes, with a 
view to reducing the alterations of temperature 
to which this clock is exposed. 

The Transit-Circle is in good working order; 
it has not been found necessary to clean the 
object-glass since the practice was introduced 
of turning that end of the telescope down- 
wards after observing. 

The lenses of the object-glass of the North 
Collimator have been separated and cleaned. 

Allusion was made in the last Report to a 
discordance between the results obtained for 
coincidence of the two Collimators in the two 
cases ; first, when the instrument was raised 
BO as to admit of a perfectly free view of one 
Collimator by the other ; and, secondly, when 
a partial view was obtained through the 
pierced cube of the Transit-Circle. Since 
1874, January 1, the Collimation Errors 
deduced from readings taken through the cube 
have been corrected by the quantity -fO'-OlQ 
or -t-0"*28 ; the effect of this correction on the 
resulting R.A.'s of stars is entirely differen- 
tial, and therefore very slight. , 

A new determination of the ceofficient of 
flexure was made on 1873, May 30, agreeing 
well with the adopted value. 

The recording-micrometer, referred to in 
the last Report, has been in regular use since 
1873, June 20 ; some mistakes in reading off 
have been corrected by its means. By the 
help of this arrangement the system of makiug 
several bisections of an object in its passage 
through the field of view has been more fully 
carried out. 

The arrangement for correction of the baro- 
metric inequality, to which I alluded last 
J ear, has been applied to the Sidereal Standard 
Clock with satisfactory results. The ine- 
quality is row considered reduced; but a 
further adjustment of the magnets is required 
for its complete correction, and this is neces- 
sarily a slow process, as a long series uf 
observations is required to determine the effect 
of the barometer. A imiform acceleration of 
rate has been shown since the clock was 
brought into use again (after adaptation of the 
apparatus) on 1874, January 24, and this has 
lomewhat masked the barometric inequality. 

The dock Haidy, nf hich was in a bad state, 



has been thoroughly renovated by Messrs. E* 
Dent & Co., the principal alterations bciug 
the substitution of new contact-apparatus and 
of a new escape-pinion for the old parts. 
While these repairs were being executed, the 
clock Arnold 1 was placed in the Transit-Cir- 
cle-pit for use in observations of Circumpolar 
Stars, &c. The rate of this clock would 
probably be improved by the substitution of 
a zinc and steel pendulum (which has been 
found to answer so well in the Sidereal Stan- 
dard and Transit of Venus clocks) for its old 
gridiron pendulum. This clock has now been 
fixed in the East Dome, where it takes the 
place of the clock Eamshaw, which has been 
lent to the Transit of Venus Expedition. 

The Chronograph has worked satisfactorily 
throughout the past year, but will probably 
require cleaning before long. A pair of wires 
in connexion with the Chronograph is now 
carried to the Sheepshanks Equatoreal, and 
an additional pair to the Great Equatoreal. 

The Altazimuth is in a very satisfactory 
state. The form of its pivots was ascertained 
by observation in 1873, May, when the 
apparent deviations from circularity were 
found to be well within the probable error of 
observation, so that no correction is required 
on this account. The instrument has been 
raised regularly each lunation about the time 
of New Moon, and the pivots cleaned and 
oiled. The new liftiug-apparatus, which is 
provided with screw-jacks, is used for this 
purpose. 

The Sheepshanks and Shuckburgh Equa- 
toreals are in an efficient state for observation 
of occultations and other phenomena. 

The Great Equatoreal is in excellent condi- 
tion. Some trouble has been caused by the 
deposition of moisture between the lenses of 
its object-glass, which has been cleaned twice 
during the last winter. The quantity of ^ 
water was too great to be expelled by a gentle 
heat, and it was eventually found necessary 
to separate the lenses on each occasion. Mr. 
Simms is engaged in making a light bridle-rod 
for more convenient setting in N.P.D. Fresh 
counterpoises have been attached to the in- 
strument to balance the additional weight of 
the new Spectroscope, which was finally 
received from Mr. Browning's hands on May 
2 of the present year. 

The Spectroscope is specially adapted to 
sweeping round the Sun's limb, with a view 
to mapping out the prominences, and is avail- 
able for work on Stars add Nebulro, the dis- 
persive power being very readily varied. An 
induction-coil, capable of giving a six-inch 
spark, has been made for this instrument by 
Mr. Browning ; and various subsidiary appa- 
ratus has been procured. 
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The lleflez-Zenitli-Tube is in an efficient state. 
The Water-Telescope was dismounted in 
August last, the observations with it having 
been brought to a satisfactory termination. 

The Ancient Instruments are in the same 
state as in former years. 

The Kew Photoheliograph has been adjusted 
to iocus, and brought into good working order, 
it has been used regularly since 1874, April, 
on every day on which the Sun could be seen ; 
befoie that date the photographs for the 
regular series were taken with one of the 
photoheliographs constructed by Mr. Dall- 
meyer, under Mr. De La Eue's superinten- 
dence, for the Transit of Yenus Ex-Seditions. 
These instruments are an improved form of 
the Kew Heliograph, and were used by pre- 
ference, until it became necessary to dismount 
and pack them for shipment. 

The Moon on all days, and the Sun and 
large Planets on week-days, have been observed 
on the meridian whenever practicable; and 
great attention has been given as usual to the 
determination of all the instrumental errors. 
The observations of small Planets have been 
confined to the first half of each lunation, as 
in former years. 

Some progress has been made with the ob- 
servations of wide Circumpolar Stars ; but, in 
view of the large number of stars included in 
our Working Catalogue, I have thought it 
desirable to limit the number of observations 
of each object to three measures of B. A. and 
N.P.D. above the Pole and three below. By 
this arrangement, it is hoped that the list will 
be cleared off in a few years ; whilst accuracy 
will be attained sufficient for the object I had 
in view when this class of observations was 
introduced. 

A lew other stars have been observed, at 
the request of foreign astionomers; and, at 
the suggestion of Mr. Birmingham, the places 
of some of the stars of Schjellerup's list of 
Bed stars were determined, and estimates of 
magnitude made. Though the determinations 
of brightness were necessarily somewhat rough, 
interesting changes in tho light of one of these 
stars were fully established, thus confirming 
Mr. Birmingham's suspicions. 

With the Altazimuth, the Moon and two 
stars for instrumental errors have been ob- 
served at every available opportunity ; when- 
ever haze or cloud prevented the observ^ation 
of a Low Star, the Collimator was used. 

Since the Spectroscope was received from 
Mr. Browning, the glimpses of the Sun which 
have been obtained have been to transient to 
bdmit of any systematic work on the solar 
prominences; but some progress has been 
made in deftemining the adjustskents of the 

itnunent. 



A large number of protographs of the Son 
have been taken since 18/3, June 1, either 
with the Kew Photoheliograph or with one of 
the other instruments, and of these 266 have 
been selected for preservation, two photo- 
graphs being usually reserved on every day of 
observation. Some of the negatives, for which 
the exposure has been but slight, exhibit the 
delicate mottlings on the Sun's surface ins 
remarkable manner; and it is propo!ted in 
future to take such photographs whenevw 
practicable, besides those with a full exposure, 
which are more suitable for showing the details 
of spots. On two occasions a spot was photo- 
graphed on the actual limb of the Sun, pre- 
senting the appearance of a notch partially 
filled up with less luminous matter. 

There are at the present in the Chronometer 
Room 194 chronometers, which are regularly 
rated at least once a week. Of this number, 
121 box-ohronometers, 14 pocket-chronome- 
ters, and 19 deck- watches are the property of 
the Government, and are being rated alter 
repair by the makers preparatory to their issue 
to ships of H. M. Navy and 40 belong to 
chronometer-makers, who have placed them 
here for the annual competitive trial. These 
latter are compared every day with the Mean 
Solar Standard Clock; and all the chronome- 
ters are, for one or more periods of three weeks 
each, tried in a temperature of nearly lOO' 
Fahrenheit. Artificial cold has not been used 
for any chronometer. New chronometers are 
always tried in different positions with respect 
to the magnetic meridian. 

During the past year three chronometers 
have been transferred to the War Office, fw 
use in the Gold Coast Expedition, and have 
been replaced by three others, paid for by the 
War Office. The number of chronometers 
required for the Transit of Venus Expeditions 
is 46 ; and in view of such a large demand on 
the ordinarv stock of Government chronome- 
ters, great exertions have been made to get 
the repairs of chronometers (returned from 
service) executed by the makers with as little 
delay as possible. 

One chronometer has been transferred to 
the Eastney Koyal Marine Artillery Barracks, 
and replaced by another purchased at the 
same price ; three chronometers, intended for 
the Survey of Canada, have been tried for Mr. 
L. Russell. 

The two chronometers at the head of the 
competitive list for 1873 had smaller trial 
numbers (representing the amount of unsteadi- 
ness of rate) than any chronometer in any 
previous year. 

With the exception of eight days, on whiek 
the violence of the wind prevented the raisiag 
of tbe baUy and of two days om whul^Meidii- 
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d failures occurred, the Greenwich Time-Ball 
tM beon regularly dropped every day through- 
ut the year to which this Report refers. 

The Deal Time-Ball was not raised five 
ays on account of high wind, and was not 
Topped on five days owing to interruption in 
lie telegraphic communication. On one day, 
kstober 10, it was erroneously discharged 
>ur seconds before 1^ by a telegraphic signal ; 
D 321 days it was dropped correctly by the 
mrent ; and on 37 days, principally in rainy 
'eather, the current was too weak to release 
le trigger without the assistcmce of the 
ttendant's hand. 

A proposal has been made to me to drop a 
all at Portsmouth by direct current from the 
;oyal Observatory, but no further action 
ppears to have been taken in the matter by 
jdmiralty. 

Since the removal of the Telegraph Depart- 
lent from Telegraph Screet, Lothbury, to the 
ew building facing the General Post Office, 
new and more elaborate chronopher has 
een constructed for the signal at 10^ a.m., in 
rhich provision is made for sending signals in 
Ixtj different directions, the old chronopher 
eing still in use for the signal at 1^ p m. 
It. H. Eaton, of the Post Office Telegraphs, 
las kindly furnished me with the following 
recount of the distribution of signals : — 

"The Greenwich current is received hourly. 
IhiB hourly current is transmitted to 10 sub- 
leribers (mostly chronometer-makers) in Lon- 
don. The method of observing the current 
varies, and is fixed by the subscriber. In 
two cases, time-balls are dropped on the top 
of the buildings ; in some other cases, model 
time-balls are placed in the windows; and 
others again use an electric bell ; while two 
or three have a simple galvanometer, and 
observe from the deflexion of the needle. 

"The Westminster clock records its cor- 
'^ess and errors at Greenwich, as does also 
tke clock at Lombard Street Post Office. 

"The 10 a.m. current is most extensively 
^ for the Provinces. It is transmitted 
JUtomatically to 21 provincial towns in 
jjngland (where there are subscribers), to 
^emsey, Edinburgh, Glasgow, and Belfast. 
^ addition to the automatic sender, a sound 
^gnal is established in the Instrument Room 
^^ ; when heard, a current is sent by the 
^ks to over 600 offices in direct communica- 
ion with the Central Telegraph Office, in- 
loding the principal railway termini. Many 
r these offices re-distribute the time-signal to 
16 offices radiating from them, so that prac- 
cally tjom the 10 am.. current from Green- 
ich moft of the pott-office and railway clocks 
k Hm UogdoB are regulated. 
" Xhe hf.m» oQixeBt is transmitted aato* 



matically to nine provincial towns, vis., New- 
castle, Sunderland, Middlesboro', Kendal, 
Hull, Norwich, Stockton, Worcester, and 
Nottingham. At the first four named, guns 
are fired ; at the others, the current is observed 
by means of time-balls or galvanometers. 

'* With regard to the 10 a.m. current, I 
should have said that there is no rule as to 
the method of observing ; the subscribers use 
the form of apparatus most suitable to them- 
selves. At the Telegraph Office the signal is 
recorded or observed on the telegraph instru- 
ment." 

To this account it is proper to add that 
wire-communication has been made, experi- 
mentally, from the chronopher to the Royal 
Observatory, so that, by two galvanometers, 
the time of a current leaving Greenwich and 
the time of its distribution by the chronopher 
could be immediately compared. No sensible 
difference could be discovered. It follows 
that the hourly time-signals, based upon the 
most accurate determina ions of time that the 
Observatory can furnish, may be used for 
accurate determinations of longitude. 

At the Lombard Street Post Office, the 
Greenwich current at noon starts the clock, 
which has stopped itself some few seccmds 
previously, or at noon of its own time, the 
clock having a gaining rate. For the guidance 
of the attendant who regulates the West- 
minster clock, a signal is received at the 
Clock Tower from Greenwich, and a return 
signal is sent to the Observatory by this clocks 
as well as by the Lombard Street clock, to 
give us information as to their errors. The 
errors of the Westminster clock were below 
1* on 67 per cent, of days, below 2* on 25 per 
cent., and below 3' on 5 per cent.; when the 
error amounts to 4* it can bo corrected by the 
attendant, by lifting a pallet. 

The rate of the Mean Solar Standard Clock 
seems more steady since its inclosure within 
double sashes. 

The demands for the Transit of Venus pre- 
parations have been so great that it has been 
found necessary to increase the staff of super- 
numerary computers to meet this unusual 
pressure. At present eight computers are 
employed in the Astronomical Department, 
two in the Magnetical and Meteorological 
Department, and four on the Meteorological 
Reductions, 1848-1868. A redtiction in these 
numbers will be made very shortly. 

The Astronomer Royal is responsible to the 
Government for everything that passes in the 
Observatory. An elaborate system of Reports 
enables him to exercise a constant supervision 
over all observations, reductions, employ of 
workmen, and other transaotions of the Ob- 
servatory. 
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The principal matters to be mentioned in 
this Section (Extraneous Work) are the pre- 
parations for the Transit of Venus Expeditions. 

Originally five stations were selected and 
fully equipped with equatoreals, transits, 
altazimuths, photoheliographs, and clocks ; 
but I have since thought it desirable to 
supplement these by two branch stations in 
the Sandwich Isles and one in Kerguelen's 
Island ; and the additional instruments thus 
required have been borrowed from various 
sources, so that now there is an abundant 
supply of instrumental means. 

Telescopes have been lent by the Royal 
Astronomical Society, by the Cambridge Syn- 
dicate, and by Capt. Tupman, Mr. Barnacle, 
and Mr. Burton (observers in the Transit of 
Yenus Expedition), the last-named gentleman 
taking out with him a 12-inch equatoreally- 
mounted reflector. 

Transits have been lent by the Royal Astro- 
nomical Society and by Messrs. Barclay, 
Gamelt, Jackson, and Shaw ; and an altazi- 
muth by Mr. De La Rue. Other transit 
instruments have been lent by the Glasgow 
Observatory and W. R. Birt, Esq., of which 
it has not been necessary to avail ourselves. 

Of double-image-micrometers, five have 
been made by Mr. Simms, two have been lent 
by the Royal Astronomical Society, and one 
each by Mr. Barclay and Capt. Tupman. 

There will thus be available for observation 
of the Transit of Venus 23 telescopes, nine of 
which will be provided with double-image- 
micrometers ; and five photoheliographs ; and 



for determination of local time, and latitude 
and longitude, there n ill be nine transits and 
six altazimuths. 

A model representing accurately the cir- 
cumstances of the Transit of Venus has been 
erected on the roof of the Octagon Room, and 
has been observed regularly since last October 
from the stage on the top of the Magnetic 
House. The personal equations of the various 
observers have been determined, and the 
different telescopes have been compared, by 
means of this contrivance. Regular obser- 
vations of the model have also been made with 
the double-imagc-micrometer. 

All the observers have undergone a course 
of training in photography ; first, under a 
professional photographer, Mr. Reynolds, and 
subsequently under Capt. Abney, R.E., whoie 
new dry-plate process is to be adopted at all 
the British stations. Capt. Abney has also 
trained at Chatham 15 non-commissioned 
ofiicers and privates of the Royal Engineen 
in all the photographic manipulations required 
for his process. A Janssen slide, capable of 
taking 50 photographs of Venus and the 
neighbouring part of the Sun's limb at in- 
tervals of one second, has been made by Mr. 
Dallmeyer for each of the five photohelio- 
graphs. 

No magnetical instruments are to be carried 
out as part of the official enterprize, but some 
of the observers have furnished themselves 
with such instruments as their private pro- 
perty. 



ON AN IMPROVED METHOD OF CONSTRUCTING THE DEAD 

ESCAPEMENT FOR CLOCKS. 



By benjamin LEWIS VTJLLIAMY, Clockmakee to the Queen, &c. 



( Cmlintied from Page 148.^ 

We will now proceed to the second part, viz., 
the Investigation of the circumstances con- 
nected with the Theory of this Escapement. 

Strongly impressed -ftith the great practi- 
cal superiority of the dead escapement, when 
properly constructed and executed, over every 
other, lor clocks with seconds or longer pen- 
dulums, I have taken much pains to ascertain 
whether any rule of general application has 
heen laid down hy different authors who have 
written on the theory and practice of clock 
work, to determine the distance hetween the 
centre of the escapement wheel, and the 
centre of action of the pallets, which, as far 
as relates to the theory of the escapemert, is 
of the utmost importance, and not the less so 
as regards reducing that theory to practice ; 



and generally for determining the relative 
proportion of the parts of the dead escape- 
ment, as usually made for clocks. I regret 
to add, that my inquiries have not heen at- 
tended with the success the importance of 
the suhject (as connected with the accurate 
measurement of time hy clocks) had induced 
me to expect. 

The merit of the invention of the dead 
escapement is, I helieve, unquestionably due 
to that celebrated clockmaker, Geo. Graham, 
F.11.8., but unfortunately he left no written 
description of it that I am aware of, and the 
chief mention I have found of the principle 
of his escapement is in the works of the 
French authors.* 



* I fully expected some aooonnt of this escapenat 
in the Transactions of the Boyal Sodefty, of iHnch 
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TMoat rain6, in liis Trait/ de tSorlogerie, 
4to, Paris, 1741, on the subject of Escape- 
ments, Vol. ly page 103, thus expresses him- 
self :—" Pig. 19 (Plate 43, Vol. 1), is a dead 
escapement for clocks, as made by Mr. 
Gtaham, clock-maker, of London. The rule 
I have discovered for making it, and which I 
apprehend to be a good one, is to place the 
centre of the anchor at the distance of one 
^meter of the wheel from the wheel " (that 
Is a diameter and a half of the wheel from its 
centre), '' as shown in the figure. The centre 
oi the anchor must be plac^ on the perpen- 
Sicnlar line, passing through the centre of the 
wheel, and the wheel cut into thirty teeth, 
b^;inning from the above-mentioned perpen- 
dicular Hne; and the teeth which suit the 
best must be chosen, to determine the place 
of an arc drawn from the centre of the 
anchor upon which to form the pallets, which 
must be so made, that the seconds does not 
recoiL" Here follows a description of the 
aetion of the escapement. 

From the above, it is evident that M. 
Tbiont's knowledge of this escapement was 
very limited. 

The subject of the dead escapement is en- 
tered into at some length by P. Berthoud, 
F.B.S., of Paris, the author of several horo- 
logicxil works. In his £ssai sur tSorlogerie, 
4to, Paris, 1763, Tom. 1, Premiere Partie, 
chap. xxi. Ko. 397, page 129, he thus ex- 
presses himself: ** 397. The distance between 
the centre of the anchor of the escapement 
and the centre of the wheel, depends upon 
the arc the pendulum is required to vibrate;* 

ICr. Graham is a member ; but by referenco to the 
Index of the Trdnsactions, there is no mention of 
Clock Escapements ; at which I am the more sor- 
priaed, as there is a communication from Mr. Graham 
jn the subject of his invention of the Mercurial 
Pendulum, and the measuring the lengths of 
pendulums at different places. Mr. Graham was 
the immediate successor to Tompion, and the art of 
Olock and Watdi-making is so much indebted to 
iihn for its advancement, that I consider it due to 
^ memory to insert the following memorandum : — 
BCe was bom in 1675, was elected an Assistant of 
he Court of the Ckimpany of Clock-makers of the 
5ty of London, the ISth April, 1716, and served the 
ilBce of Master of the Company, 1721 and 22 ; was 
ilected a Fellow of the Royal Society the 9th March, 
728, and died the 16th November, 1751. His 
vmains were interred in the aisle ol "Westminster 
LVbey. 

• This in not perfectly well expressed, as b v the 
iro the pendulum is required to vibrate might in 
hii ease, mean the arc the pendulum must describe, 
o enable the pallets to escape ; or, in other words, 
lie quantity the pendulum is led by the action of 
lie wheel upon the inclined planes of the pallets, 
md not the total arc of the vibration of the pendu- 
nm ; (at No. 39^ and 400, M. Berthoud describes the 
ifff».^«»«A between the total arc of vibration of the 
%fB5 f«i«m ana the arc led by the action of the 



if it is to describe large arcs of 10®, for 
example, then the centre of the anchor must 
be at B." See Fig. 1, Plate ii. (Berthoud, 
Fig. 8, Plate xv.) 

391. ''But if, on the contrary, it is to 
describe a short arc, of 1°, for example, the 
centre must be at a. See Fig. 2, Plate ii. 
(Berthoud, Fig. 10, Plate xv.) at the distance 
of about a diameter and a half of the wheel, 
A, from the centre of the wheel ; f observing, 
in both cases, that the opening of the compass 
that describes the rests, or circular faces of 
the pallets, is such that drawing a line from 
the point, 5, Fig. 1, Plate ii., through the 
centre, B, of the anchor, and drawing from 
its extremity, 5, a line, z A, that shall pass 
through the centre. A, of the wheel ; these 
lines are so situated, that the line, z A, shall 
be perpendicular to the line, 5 B ; * and by 

wheel upon the pallets), neither is this a correct 
statement, for the quantity the pendulum is led by 
the action of the wheel upon the pallets depends 
upon the angle of lead of the pallets, or the length 
ol their inclined planes ; as well as upon the distance 
between the centre of action of the pallets and 
centre of the wheel, and consequent numoer of teeth 
the pallets take over. In illustration of this (See 
Fig. 3, Plate iii.) to the same wheel are applied two 
pairs of pallets, which, taking over a different 
number of teeth of the wheel, are consequently at 
different distances from the centre of the wheel ; 
and yet, from the difference of the angle of lead of 
the pallets, the pendulum will be led an equal 
quantity by the action of the wheel upon either pair 
of pallets ; the difference between the angles of lead 
of the pallets compensating for the difference 
between the distance at which each pair of pallets is 
placed from the iirheel. In the figure the four 
triangles, B A C, D A E, F W G, and H W I, which 
express the angles of lead of the pallets, are drawn 
equal to one another, and equal to the triangles, K 
A L and N W M, also equal to one another, which 
show the quantity the pendulum is led by the action 
of the two pair of pallets, on each side of the per- 
pendicular line. A X. 

t I believe that Mr. Oraham, Mr. Shelton, who 
worked with him, and most of the dock-makers of 
that period, who trod in the footsteps of Mr. Graham^ 
in the construction of their seconds pendulum clocks 
(the scape 'Wheels of which were necessarily cut into 
thirty teeth), made their pallets take over eleven, 
twelve, and thirteen teeth of the wheel; and the 
distance between the centres was one diameter of 
the wheel in the case of taking over eleven teeth ; 
about one and a half diameter m the case of taking 
over thirteen teeth : and between one diameter 
and one diameter and a half in the case of taking 
over twelve teeth. The Frencn clock-makers, who 
copied Graham's escapement, followed nearly the 
same rule. 

^ (See Fig. 1, Plate ii.) In the case of the anchor, 
whose centre motion is at B, M. Berthoud deter- 
mines the centre of action of his pallets by the inter- 
section of two tangents drawn from the peints where 
the circle of the inner rest of the pallets prolonged 
intersects the circle than circumscribes the wheel. 
By this mode the two centres are nearer together 
that they would have been had he determined 
their diftt^"*^ by tangents drawn from the points 
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the same rule, if the anchor is placed at g. the ! plate bet' 

pallets, or inclined plnnes ot' tho anchor, 

should act upon the wheel at the points, ef; 

this understood, the portions of the circles, 

I C, 3 D, Fig. 2, Plate ii. (M. Bcrthoud tmna- 

ferB his description to Fig, 10 of his work,) 

Boust be drawn of the same radius, 



in the eame manner, 2, 5, and 6, 4, taking 
care that the space, or thiekneas, C 5, 6 D, 
between these portions of circles, is a little 
leas than half the interval between the teeth 
of the wheel. 



centre of the scape wheel 
id the centre of the verge of the palleti 
mast be taken : * irom the centre, a, of the 
onohor, see Tig. 3, Plate ii (Berthoud, 
Vol. ii.^ Plate xxiii. Fig. 3 ; part of Berthoad'* 
figure is omitted, no more being drawn than 
immediately relates to the text), the line, ah, 



must be drawn juat to touoh the circumferenic, 




"Kow, to determine the inclination of the 
planes, from the centre, n, Fig. 2, draw the 
■traight lines, o/and a g, forming the angle, 
fag, being half the angle the pendulum is 
required to be led ; f through the points 2 and 
\t where these lines intersect the arcs, 2, 5, 
and 1, C, draw tho straight lino, 2, 1, which 
gives tho inclined plane, 2, 1, by a similar 
operation, the inclined plane of the other ' 
pallet is obtained. There are sovcral other 
practical methods, which are easy of applii 
tion, but difficult to explain." 

And again, at Nos. 1324 and 132.5, page 
<49 (in what follows the scape wheel is sup- 
posed made, and the original test is abridged, 
■neb parts only being translated as imme- 
diately relate to the laying down of the lines 
of the escapement), "To draw the an 
piece of the escapement" (Berthoud 
rapposea the drawing to be made upon a brass 
plat«, and distance between the centres al- 
ready determined), " the distance on tho piUai 



wb?ra the circle of the 

oircle. Thiit the poin 

of tungeula drawn Iron 

the proper centre o( a 

■hoTa hereafter.— in tun uuc uoao i.u< 

toe far apart ; in the other cue thay 



found by the 

itber of these pumM ib uoc 

on of the piiUetB, will be 



h c, of the wheel ; if, from the point, b, whera 
tho two lines touch each other, ihe radina 
B h, is drawn, it will be perpendicular to 6 a 
(as may be geometrically demonstrated), and, 
conformable to mechanical principles, the 
action of tho wheel upon the pallets ahonld 
bo at tho point b ; consequently, a i is the 
length to be given to the arm of the anchor, 
to enable the wheel to act upon the pallets in 
the most favourable manner possible." 

1326. " Place the wheel in the plate with 
its centre on the point, B, then place one of 
the points of a pair of compasses on the 
centre, a, of the pallets, open the compatie* 



• From this it would appear that M. Berthood'l 
plan is to determine the distance of tho two oentrM 
iron; each other on the plate of tlio clock, and th«« 
to adapt hiB eeonpcmeDt to those dii^tancefl ; wbioli, 
as the number of the teeth of the wheel in rcifolated 
by the leotttb of the pendulum.to preserve the anflti, 
B 5 A, B 6 A,irt A, and gf &., Tig. I. Plate iL, 
riKht anglefl, can only he done by mukinff tho palleW 
take over a gTPBler or leeser nnmberof teeth; or.U 
neoessary, by nltering' tbu sae of the wheel; or. H 
tliis cannot be done for want of room or any otbir 
eaUHe, then, and quil« contrary to his leadia? prin- 
>. the angles, B 6 A and B 6 A, to., mun to 
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joantity, a c, and turn the wheel on 
xe, B, until the froot of one of its 
M;tB the other point of the compasses 
jircle of the wheel at b ; that done, 
o whetl imraoTenblc, transport the 
int of the compass to the other aide, 
if it will reach the back of the point 
ler tooth at c: if it docs not, the 
of the compassca mnst be varied until 
es from the centre, a, at the same 
the points of the two teeth, the 
to the points, c and b : draw the por- 
circles, bt,cp, which will represent 
he circular faces of the pallcte." • 
."To find the other two cireukr 
i openiDg of the cooipassca niiist be 
n Buch o manner that the teeth of 




wheel alternately escape as the pallets ap- 
proach and recede from the centre of thfl 
wheel by the action of the pendulum." 

1328. " The length of the pallets is regu- 
lated by the quantity of the angle of lead 
that is to be gircn te the escapement, which 
wc wilt here suppose of 5° on each side, of 
thereabouts." 



$ilttm id till! C'ditof' 



To the Editor of the IIoeologicvl Jqwuhl. 
Sm, — ■\\'il] the cncloMd convey wy ifi&a- 
niation to your Amcrieun corruapoudent |U|ffle4 
ki the January number of ynur JouT^^ ft 
is Ihe copy of a little bill taokcd in^de tho 
door of a very good 8-(lay clock in an osceed- 
ingly fine jnpannpd case, beniing the name of 
" William TomlinsoD, London." 



Bishop's "Walthar 



J. PADBURY. 



■1 haTing advanced a quantity equal 
lie interval between them, they pass 
portion of a circle drawn from the 
itre, a, and interaecting the circle of 
il i but, as that may equally be done 
ng or closing the compasses, a quan- 
kl to the space between two teeth, it 
ible to use that of the two openings, 
ill occasion the distance of the lines 
} centre to vary the least from the 
and i, which points are to be varied 
little aa possible. That done, trace 
?two faces of the pallets, rfs ande^, -f 
« here, by preference, drawn within 
rs, to diminish the space the anchor 
ove, and, consequently, the friction of 
ts. In this manner arc described the 
ular faces of the two pallets, placed 
1 manner as to let the teeth of the 



UlEECnoSS TO SET UP AND KKEP A PsmOLUlf 

Clock. — Set it upright so that tho peodulam 
may liit against both sides of the case alike ; 
make it fast to the wall, and that the ball of 
the pendulum may be just free of the back of 
the case on the inside. Wind it up once in a 
week. Ifever move the hour hand, but tnm 
the minute band. Turning the minute band 
round moves the hour hand one hour. When 
there are not 31 days in a month, move the 
month circle with the point of a pin till right; 
or if the day of the month be shown with a 
' hand, move the hand till right. If the deck 
' goes too fast screw the ball of the pendolnra 
a little lower at a time till yon fina it right; 
but if it go too slow screw the said biUl a 
little higher as experience will teach. If the 
day of the month happen to move in the day 
time turn the minute hand twelve times 
round, which will make the clock strike 
twelve times, and will make it move is tiie 
night. If the clock strikes wrong take off 
the head of the case and turn with your finger 
one of the round F's of steel that go acrou 
the body of the dock, which will cause the 
clock to strike, which maybe done nntil right 
with the band. The said clocks, with all 
other sorts, and all sorts of watehea, are made 
by William Tomlinson, at the " Dial and 
Three Crowna," in Birchin Lane, near the 
Boyal Exchange, London, now in "Whi^ 
Hart " Court, Giacechnrch Street. 
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Sib, — Eeferring to Mr. Fewtrell'a reply to 
"Tempas," which appeared in the Juno nam- 
ber of the Journal, for the lifting part of Davis' 
Patent Lever Clock, there is a lifting pin 
sticking out &om the centre pinion as usual 
in a Yankee clock, but attached to this pin 
(in fact a continuation of it) is a ring or circle 
of wire ; the circle, hoivovcr, is not quite com- 
plete, leaving a small space, fonning what 
may be called a notch, into which one end of 
tlie lifting piece drops. The lifting began 
about ten minntes after the hour, the wire 
ring keeping the clock on the wnrniug for 
about 50 minutes. The secret of getting tho 
I clock to strike correct 
s to attend to the twelve 
intl one first, regardless 
I of the other numbers; 
I and, after setting the 
I clock going, to pay no 
I attention totwoorthree 
I hours the clock strikes 

] at first, but after that 

time you may expect it to strike regularly. 
It is a queer affair. I met with a few of 
them in the States, and I think only one 
England. 
Croydon. JABEZ STARK. 




Sib, — In England open competition trials 
are instituted for marine chronometers at the 
Royal Otifervntory, for the purpose of being 
purchased by the Admiralty. At the Liver- 
pool Observatory rates are certified for chrono- 
meters in different temperatures. 

At the New Observatory certificates are 
given for the correctness of thermometers and 
barometers at a specified charge. Perhaps 
your readers may feci interested in wliat has 
been done during the last few years at the 
Observatory of Geneva. 

Annual trials for pocket chi-onometers, 
under the Superintendence of ProfcasorPianta- 
mour, the director of the Observatory, now 
take place. This year fifty-three chrono- 
meters have been sent in lot competition. 
They remain forty-five days at the Observa- 
tory, and are submitted to the following tests : 

1st. The mean variation from one day to 
another during forty-five days, whatever may 
bo the position or temperature, the limit fixed 
to enable them to compete, 08 sec. 

2nd. The error corresponding to a difference 
of one degree of temperature, centigrade, with 
a limit imposed of 0-2 see. 

3rd. The difference of rate in the horizontal 
and vertical positions, with a limit of 2 see. 

4th. The correctness with which a chrono- 
meter resumes iia former rate, after having 
been placed flit«en days in a different posi- 
tion, irith a limit of 1-5 sec. 



Sth. The correctnesa vith which a chrono- 
metcr resumes its mean rate, afl«r hariog 
passed through the oven, with the same limit 
of a second and a half. 

If a chronometer exceeded the limit of any 
one of these trials it was rejected. The mean 
of all the trials determined the classificslion, 
a slight importance being given to the first 

In the competition this year fonr prim 
were awarded. The first, of 150 francs, WM 
obtained by Kessis. BadoUet with a watch 
having the English Lever Escapement, snd 
the balance spring turned according ts 
Philipps' formula. It was adjusted bf 
Prancois Yindone. The first proof gave n 
error of 0'2S sec. ; the second proof 010 ; fbt 
third 0-4 sec. ; the fourth 032 sec. ; and tbt 
fifth 0-54 sec. This is the third year that t 
chronometer adjusted by U. Yindone obtained 
the first prize, and It may be added that tlni 
watch remained three months^at the Obs^m- 
tory, and its variation diminished. 

Two second prizes, of 100 franca, mm 
awarded, one to M. Jules Ronilenx for ■ 
chronometer adjusted by himself, the emn 
of the five proofs being : — 0-42 sec., (H)l, 
0-23, 1-41 and O'o2 sec. The other was gim 
to H. Em. Paiotard for a chronometer adJDitnl 
by himself,tho errors being : — 0-61 sec., 0-06, 
0-07, 008, and 149 sec. 

A third prize, of 80 francs, -was gained tij 
Mr. John Darier for a chrenometer, then- 
juster of which declined to give his name, the 
results of the five proofs being— 0-61 •«., 
0-23, 006, 014 and 0-54 sec. 

This year, tor the first time, a second com- 
pctitionwos instituted. It consisted of lakinf 
tho mean of all the rates of the ohrenometos 
sent in by each manufacturer, providing tbtt 
not less than three were submitted. The teib 
were not so severe for these as for the sin^ 
chronometers. Six manufacturers entered inta 
tliis competition, the two best being so netilf 
equal that the prize was divided bctweei 
them. The snccessful competitors were Measrt. 
fiadoUct, who sent in seven chronometers, sti 
of which were adjusted by M. F. Vindoae and 
one by M. J. Rambal, and M. K. Ekegren 
with five chronometers, four being adjnsted 
by M. A. Favrc, and one by M. R. Ekegrw. 
The mean variations of the seven chronoa^ 
ters of Hessrs. Sadollet for the five triib 
were— 0'486 sec, 0-120, 1'877, 1-141, ui 
O'S-lGsec, and those of the five of U. EkegrR 
— 536, 0-078, I 140, 2116, and 1054 see. 
I presume that all these watches have gtnsg 
barrels, and although called chronometeni 
that they are all, or nearly all, English lew 
escapements. 

B. WEBSTEB. 
Queen YictoiiA Street 
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J! IMPROVED MBTIOP OF CONSTRUCTING THE DEAD 
E6GAPEMENT FOR CLOCKS. 



St BEITJAIIIN LEWIS VULLIAMT, Clockjiakee to the QrEEs, &c. 



(OosHnued from Page 17i.J \ 

(This part is verj much abridged 
up r^latinn ^ " Xo oeKribo the angle' 
B^ept, prolfiug tbe line, a b to f. 
SjVUitB a.,* auldzB.wiiie angle, fag, 
le paint i^, wiuire tlie line, a g, inter- , 
e inner oiroulAr iatie of the pallet, ' 
lesthe length of the pallet; for the, 
Q pasaiog the pallet, causes it, by its 
D tke inclined plane, to Uescribe on ^ 
5° to have the inclined plane, draw 
, d b, passing through the points, d 
■here the straight lines, a/ and n g, ; 
ma the angle, ff a/, iatenect the por- 
:iicles, da ana i t." \ 

" To dra# the inclined pLme, c e, it 
observed, that, as the pallet, d b, is 
' vitbin the circle of the wheol, it | 
that the pallet, c, muit be situated i 
the same circle, and ready to come 
M aa the other pallet escapes &om the 
^olong the line, a, cto h, and draw 
t, k a t, of 5°, which will detannine 
i^ure of the inclined plane, c ; it 
Q remains to draw the line, c e, which 
irough the points, e and e, where the 
lines, a h and a 1, intersect the por- 
MTcles, c p and e q : thus will be 
6 ineliiied plane which is to turminatc 
At, and Ml situated that when tbi; 
7, shall have led the pallet withoat 
e of the wheel, a quantity equal to 
I of 6° the pallet, c e, shall also bo led 
of 5°, and w ithitt the wheel ; consc- 
when the tooth, r, shall have led the 
< escape, the pallet, c, will have dea- j 
B angle of 5°, whence it follows that ; 
1 lead of the escapement will be 10°"t 

I, 'i, and 3, in the Jnl; number of the 
srere reproduced fromPUle ii. of ttBiuthar. 
is a mistake ; tb« total quantity the pen- 
lad beinc an angle equal to the angle of 
ther <d^a palletB i (itU aupposedttauttlie 

the two paUetB aie equal to one another, 
iflit to be) and the peodulom is led nearly 
aafle, isoending and descending on each 
n [or Uu perpendicular line on the degree 

each pallet altematet j ; but the advance 
Iwel, and, oo^sBquentW, the frictiou upon 
lid planes of the pallete, is not nnifono 
• ssnwdier and dascending of the pendu- 
Mil ribnnon, but existi upon a greater 
s of, and is eonsequoatly greater upon, the 
Ik* pendDlnm aooends than as it descends ; 



I33I. " The escapement thus drawn will be 
a dead escapement, becauae it is formed of 
portions of circles concentric to the point, 
A (396), but," &c. 



tooth 0! the acape-wheel has raaohed when tjie psn- 
dulam la perpendicular, the portion of the inclined 

S lanes the tooth of the wheel ooti upon, as the pen- 
ulum doncends, i« lea» than the portion acted upon 
OS the penluIuHi ascends. It 13 possible to make 
the inclin«d pUnes of the pallets bo lonj; that th» 
angle of the total vibratiou uf the pendulum will 
not exceed the ang'le of lead of the pallets, in wUoh 
case it will be vLuble that the total anvletbepen- 
dnlum in led ia only equal to the angle of oue of tiie 
pallete. M. Berthoud hssf.illen intt " 




at No. 399. To illustrHte as much of the above ae 
refers to die irregularity of the friction upon the 
pallets, suppose Fi);. 1, I'lato iii., the pendulum at 
r^t.and perpendicular upon the line, X W,biieating 
the angle , Y X Z (which angle is equal to the angjes, 
I B X F and D X Q. of lead of the pallets)', and the 
I lines, A B and C D, the inclined planes of the pal- 
' lets : the dotted line.?, E P and O H, will repraaanl 
' the lines of th e inclined plaueii. when the pendulum 
, Bobtendiug the line, X Z, is led ta the extremity of 
the lead one way ; and the dotted lines, 1 K and 
L U, the inclined planes when the pendulum anb- 
tending the line, X Y, is at the exlremitj of i^e 
lead in the other direction (it cannot be to ottan 
repeated that the angle of Lead must not be con- 
founded with theanjfleuf vihratiun}, und the points, 
N and 0, where a supposed circle, ciraumaorihing ths 
poiuts of the teeth uf the wheel, inl«TBect« the in- 
clined planes, A B aud C D, are the points upon One 
of which (detonnined by the pallet from which tin 
wheel has last escaped) the wheel will be in oontwt 
with the pallet, when the pcndaluni, having ad- 
Tanccd halt the angle of lead, subtends the pscpen- 
dicular line, X W. Now it is risible that th« 
portions, N A and D, of the lines, A B and C D ' 
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Tho late Mr. Ciimmbg. F.R.S.E., m his 
Elements of Clock and Waich Work, London, 
1766, pago 43. >'o. 176, states that Graham 
made hi' pallets tolte otct twelve teeth. In bis 
Plate ii,, in which he represents the tleofl 



vrhidh nre tbs parts of thasc linn ths teeth of the 
irheel sc* upon whfu the pmdnlum asoendH, are 
greater than the lines. N B and O C, nbkh are Ihe 
poitions £he treth of the wheel act upon when Ihe 
pendnlnm descenda ; confcquenllv, the rdooity with 
wbloh tba wheel advunoea ia not equal dnrieg' equal 
portiona of the lead of both palleta. By aliering 
the shape of the Inclined planes of the pallets from 
itraight lincB lo portions of circlea the advance of 
the wheel may be made nearly proportional to the 
advance of the pendulum. Buppfse, Fig. 1, Plate 
iii.. the pendulum to subtend (he perpendi<!ulBr line, 
S W, and, coneeqaentlT. to have vibrated half the 
angle it is led, and the inclined plane of the pallet, 
JE, instead ot being the atraig-ht line, O C, to be a 
portion, D T C, of a eircle, pat sing thtou(fh the 
three poicte, D S (where the radius, B V, bisecta the 
aro, M O, of a tuppoaed eirclo cirBura^eriblng' the 
wheal), and C ; Uie consequence reaalting from 
giving this shape to the pailels will be, that the 
wheel will have advanced to the point, S, half itx 
total advance, and have acted upon very nearly half 
the etirfare of the pallet, when the pendulum has 
vibrated half the an^le it is ledi for tho portion, 
C S, of the ciicular face of the pallet upon which 
the wheel has acted during its advance from tho 
point, O, to the point, S, ia leas than the portion. 



8 D, ot the pallet" upon which it mustaot durini 
" ^ ■ ■• itity, ST 

. difference between the arcB. C S and 8 D, 



advance from S 



, ST; which 



trifling, when compared with the difference between 
the straight linc<i, C O, and O D, which form the 
inclined plane, C B. The same effect takes place in 
the pallet A B, but, from the relnlivo position of the 
parts, in a much leas degree; thccircalar face of the 
pallet requiiiug to be a portion of a much larger 
eircle ■ and here it is worthy of notice, that llio 
faces of the two pallela bebg portions of different 
circles, tho one ia, in fact, a longer liuo than the 
other, and consequently, with circular facea, aa just 
described, there ia more friction on one pallet than 
on the other; and mote on both than when the 
acting tacea are straight lines. The proportional 
advance of the wheel and pullets was probably con- 
sidered by HoDB. L. Berthoud (chronometer maker 
to the French Navy during tho period of the Sepub- 
lio). of great importance in the ease of the dead 
andior escapement, when applied to watches; ho 
having given this thape to the palleta of some ot hla 
boi marine chronometera, that* have had an oppor- 
tunity ot aeeing. Tho friction ia alao unequal upon 
the rests ot the pallets, without regard to the shape 
of the inolined planes, whether straight or curved : 
tor the aro of vibration on each side of zero on tho 
degree plate must rLecesearily subtend equal angles, 
and the angles of lead on each side of zero being 
olao equal, it necessarily follows that the angles of 
rest must be equal ; but the rests of the poUeta 
being at unequal distances from their centre of 
motion of a quantity equal to tho thitlineB9 of the 
pallet, it alsu follows, Uiat though the area which 
subtend the aoglea of restsuhtend equal angles, yet, 
that one of them must necessarily be larger than the 
other, being a portion ot a larger circle ; and con- 
Bcqnenlly, the friction greater upon the one than 
upon the other ; the difference, however, is very 
■mall, and tliia ia an evil that from ilie eonstmoUon 



pBcnp'tneEt drawn vrrr large ; and ia defail, 
3Ir. Cuniming placfs ihe conlres at the dis- 
lance of exoetly one diemctrr of the wheel 
apart, and makes the pallets take over eleven 
teeth ; and in a note, p. 44, he thus espre»Ki 
himself: "Fig. 3. Plate iii (CumminE's ■fforl) 
exhibila at one view the Icrpth of the pallet 
ard the distances of tho conLre of the vftge 
Irora that of the awiog wheel, acoordiDs to 
the number of the teeth of tho wheel wMdi 
the pallet takes in, from two to twelve.* (tlifl 
wheel is Fupposed a wheel of thirty teeth), bj 
which it appears that the distance of thoM 
centres ia the secant, and the lenijth of the 
palleta the tangent of half tho angle sob- 
tended at the centre of the lowing wheel bj 
such number of teeth." To illustrate 3ir. 




. . „ .. therfrtat' 

faces of the pallets, should also be equal ; otJUTVlS' 
the total angles of vibration on eocli dde of JB^< 
on the degree plate (whieh repreaonte the perpan^'.- 
oular line when the pendulum ia at rMt). will Sol ^ 
equal, and coneequentty, not be performed In cqiul 
times The above observations will, I beliei*,t« 
found to be of universal application in this con- 
Blniction of the dead escapement . For further illnJ- 
tration on this subject of the angle of lead, f 
■' Aatrononiical Obson-ations," by the Kev. Vi'a- 
Ludhajn, 4to., Cambridge, 1769, cote, page 3S, 

* In tho plate ot 2Ir. Cumming'a woric, the 
numher of teeth talien in by the palleta is from tLlce 
to thirteen, not from two to twelve, aa stated in tb* 
text, and aa marhed in figures in the plate. Fig- (> 
Plate v., repreaenta the tangents drawn, faking i» 
from two to twelve teeth, as quoted in the tei[,riEi 
5, taking in from three to thirteen teeth, na itgtt- 
sented in Mr. Cumming'a figure, It is worthyo' 
notice that in the esse of taking in thirteen tw 
the distance between the centres, supposing tin 
tangents drawn tram tlte points of the teeth (M 
Fig. 6, Plate v.), is not exactly 1 and J diamelart' 
the wheel, the distance determined by the Rpp«M^ 
mie of Gnbam's, but a little more- 
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iBg's obaerration respecting the secant 
igest of half the angle of the numher 
h taken over ; suppose the cose of the 
takiag over twelve teeth (see Fig. 4, 
V.)i D C, the distance between the 
I will he the secant, and B B, the 
of the supposed pallets, the tangent to 
gle, A S C, which angle is half the 
subtended at the centre of the wheel 
h number of teeth. Here, Mr. Cum- 
Jetermines tlie centre of action of the 
by tangents drawn from the points of 
th of the wheel; which, as will shortly 
m, is not the moat correct method. 
.. Le Pante, in his TraitS d'Sorb^erie, 
na, 1767, p. 188, No. 58, states, that 
raham made his dead escapement for 
witfc the rest at equal distance from 
tre of action of the pallets, as reprp- 
Fig. 2, Plate iii., and has so repre- 
them in Plate siil., Fig. 9, of hiF; 




itever ailvuutuge niiiy be supposed to 
Trom the rests being at equal distance 
;he centre, it is more than counter- 
}d by the inequality of the distance 
be centre of tho pallets, at which the 
e is given by the wheel, In the first 
this difference of distance causes the 
s of the inclined planes to be different 
Bch other (see Koto page 3, ond Fig. 3, 
iii., where the same effect ia more 
shown), and in the second, and this 
Dst material objection, would entirely 
t the application of the rule about to 
ira for determining the distance between 
ktre of the wheel, and the centre of the 



Ferdinand fierthond, in his last and great 
work, L'Sistoirf. de la Mesure du Terns, 4to, 
Paris, 1802, in Vol. ii., page 26, speaking of 
Graham's escapement, which he does very 
briefty, thus expresses himself, quoting M. 
Thiout, "La r^gle qui j'ai trouvS (dit M. 
Thiout), ct qui me paroit assex convenable 
est d' eloigner le centre de I'ancre de lacircon- 
f&rence do la roue d'un diametrc du roohet 
comme la figure le reprfisente." This is 
translated at page 2, under the head of U. 
Thiout. 

In Dr. Rees' Cyclopffidia, 4to edition (Vol. 
xiii.. Part ii.), under the bead of "Escape- 
ment," among other escapements described' ia 
the " Anchor Escapement, by Clement, or Dr. 
Hook," and "Graham's dead beat." In the 
first, it is inferred, that the distance between 
the centres of the pallets and scape-wheel, 
regnlates the arc of vibration of the pendnlum. 
This, as has been before observed, is not the 
case (see note, page 3) ; and in both, that the 
distance " is determined by tangent lines." 
This cannot be better explained than by the 
following quotation from the explanation of 
"Graham's dead beat," which applies equally 
to the principle upon which the anchor 
escapement is constructed. "In this con- 
struction, as ia the preceding one, the dis- 
tance of the centres of motion, a, h, (Fig. 4, 
Plate xxxii., Rces' Cyclopcedia) is det«rmined 
by the tangent lines meeting the radii at the 
points of the acting teeth ; when the distance 
is an exact diameter of the escapement wheel, 
we find that the pallets take in just ten teeth 
out of thirty, which is the case in the figure 
before us ; but when twelve teeth are t^eu 
in, the centre of the anchor's motion falls at 
h, just a diameter and a half from the centre 
of the wheel." This is not correct, for it 
will be found, by reference to Fig. 4, Flatev., 
that when the pallet takes ia ten teeth, the 
centre of motion of the pallets, determined by 
"tangent lines," is at a distance from tho 
centre of the wheel, considerably less than a 
quantity equal to one diameter of the wheel ; 
and, that when the pallets take over twelve 
teeth, the distance is considerably greater 
than one diameter of tho wheel. Also, by 
reference to Fig. 5, that when the pallets 
take over eleven teeth, tho distance is exactly 
(or very nearly sol one diameter ; and when 
they take over thirteen teeth, a little more 
than one and a half diameter of the wheel. 
It is unnecessary to make any remarks on tho 
continuation of the description of " Graham's 
dead beat," with regard to Berthoud's rule, 
alter the notice that has been taken of 
Berthoud's account of the dead escapement 
nt the beginning of this paper. In the repre- 
sentatioa of Grabam's Escapement, in Bees 
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Plate xxvii., Fig. 4, before mentioned, the 
ceDtro of the pallets is placed at one diameter 
of the wheel, from the centre of the wheel, 
and the pallets take over cloven t^eth. In 
the representation of the anclior escapement, 
Fig. 3, the pallets take over ten teeth, and 
their centre of motion is less than one dia- 
meter of the wheel from the centre of the 
wheel. 



point where they meet will be the proper 
centre of motion for the pallets. Next, to 
describe the circular faces of the pallets ; from 
the centre of motion as above determined, 
draw portions of two circles that shall inter- 
sect the circle circumscribing the wheel at the 
four points which mark the place and thick- 
ness of the pallets. The angle of lead, whicti 
is quite optional, must then be determined- 



It may be considered requLsite, in reference this is done by drawing two lines from the 



to the subject, that some notice should be 
taken of the escapement under the denomina- 



centre of action of the pallets ; the one witlun 
and the other without the lines by which tlK 



tion of * ' M^odifieation of the dead beat, by said centre was found, and forming with those 
Grinion," described immediately after Gra- 1 lines two equal angles: the angle of loid 
liam's dead beat. I shall content myself with j determined, it now only remains to draw the 
observing: that Mr. Grinion desciibes his dead inclined planes or acting faces of the T\«Uetfl; 



escapement as constructed on the same prin- 
ciple as I. A. Le Paute states Graham to 



this is done by drawing two diagonal lines 
from the upper to the lower poin^ of inter 



have made his (see page 10, and Fig. 2 section of the lines forming ttie sides of the 

Plate iii.), with the rests of the pallets at ] two angles of lead, by the circular faces of 

equal distance from their ci-ntre of motion, the pallets. 

and with the centre of the pallets placed at 

the distance of one diameter of the scape- 
wheel from the centre of the wheel. In the fn„^ i i • xi. i. ^ o. « 

*s , !?• - i>i i .«•• -D » 1 4. \ -LHE clock m the tower of St. FaKiis 

figure (sec F,g. o, Plate xxxii Rees plates) Terminus, Midland Railway, beom to ««ft 

the pallets are represented with the angle of x^,, a- v^ in.- xt i V', "^&«^ "^ ™^ 

lead of both pallets entirely within the ?lW "^ JT ? ** ^'m, ''"^ ^tiS™' J^ 

periphery of the eircle of the Avheel; with f Jt J '^ ^^ v '1" .^"°»"?*'^; 5f 

the pallotB so constructed, the point of the ^SL.lLri.^'.-^lf 7"°^' ^^'^!' *^ 

tooth of the wheel wonld drop on the rest of ?^'?!!* Altft ."iS^*/™" *^* ^'«^ «««^ 
., „ . . -1^ VI J- i. m the outskirts of London, 

the pallets, at a very considerable distance 

from the inclined plane, and, consequently, Transmissiohop Jewklleht.&c,™ LniBK. 
the friction be very much increased; and, —Information has been received from the P«t 
moreover, the pendulum must vibrate a very Office of New South Wales that watches ahd 
long arc, to enable the palh^ts to escape at all. jewellery are no longer liable to Cnstmas 

"Bennet's dead beat," represented Fig. 7, duties in that colony, and that there is now 
IS also m the same case with the angle of lead no objection to letters containing fmch articles 
of both the pallets, entirely within the peri- being forwarded in the mails to New South 
pheiy of the eircle of the wheel. ^ales. Consequently the prohibition against 

1 apprehend a very pjeneral and correct rule, sending such articles to New South Vales in 
and one easy of application, for determining i letters which was imposed in the January of 
the distance at which the centre of action of; last year is withdrawn, 
the pallets ought to be placed from the centre ! 

of the scape wheel, and for drawing the lines A man named Collingridge has been fouml 
of the dead escapement, may be given. 

Having determined the diameter of the 
wheel, the number of its teeth, aud the num- 
ber of the teeth of the wheel the pallets are 
to take over, draw a circle circnm scribing the 
points of the teeth of the wheel, and upon 
this circle at the proper places as determined 
by the opening of the pallets, mark the thick- 
ness of the pallets, which, making no allow- 



guilty by a jury, at the Old Bailey, for forging 
the name of** Charles Frodsham" upon a watch. 
The evidencedisclosesthat aftornn unsuccewfnl 
attempt to pledge it with Mr. Atti^nlxirongh, 
who detected the forgery, the watch wa» 
pawned, and the tickt't sold. The purcha««r 
of the ticket upon redeeming the watch took 
it to Messrs. Charles Frodsham and Co. to 
repair, who detained it, and instituted in- 
ance for drops, should always be half the quiries, resulting in the apprehension of the 



space bet Teen two points of the teeth for each 
pallet ; that done, draw two straight lines 
between the points that mark the thickness of 
the pallets upon the circumscribing circle ; 
these lines will be chords to the portions of 
the circle they fHibtend ; prolong these two 
lines until thev intersect each other; the 



man Collingridge, who is admitted to btti 
pending the consideration of a technical p«nt 
raised in his defence. A singalar poiQt ib 
the case is that the watch was actaaUy mad# 
by Ut, George Moore, of St. John's Squai*', 
who has since taken the business carried on 
by Charles Frodsham. 
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THE I&iireiT OF YENTJS. 

[From the !Z¥wm5.] 
SxTUiL GK)Temment expeditions, very care- 
fidly prepared and equipped, will shortly 
itirtfrom the Royal Observatory at Green- 
wicli for remote parts of the globe, in order 
to obterve the transit, or passage across the 
ion's face, of the planet Venus, early in 
December next. In preparation for this en- 
tefpriBe, a staff of astronomers and photogra- 
phs, composed of officers of the Naval and 
Klitary services, with a sprinkling of civil- 
UDB, have been working at the Observatory 
for some months, under the guidance of Sir 
Oeor^ge Airy and his assistants, practising 
Utemselves in the complicated observations 
nd other delicate processes which will be re- 
qvred of them, and upon the proper accom- 
pUuheBt of which so much that is important 
m Mtronomy depends. In itself, the grand 

elem of the accurate determination of our 
nee from the sun, and thence of the dis- 
tmees of the planetary bodies and of those 
ffw of the fixed stars whose remoteness can 
br gmged at all by any means yet known to 
Nme, must have attractions for every in- 
Ml^t mind. The interest and curiosity 
Vtvally appertaining to the question, have 
hen, moreover, not a little stimulated on this 
oceirion by the articles and letters on the 
gweral subject of the Transit which have 
bNB published during the last year in our own 
Mhnms and elsewhere. Enough, certainly, 
Im been told to whet the appetite of the pub- 
Be far further details. For the information, 
fcwfoie, of those of our readers who cannot 
P to Greenwich and learn these things for 
tenelves, we propose giving some account 
tf fte energetic and complete arrangements 
vUeh England and other countries are now 
iMkmg for the observation of one of the most 
wte and scientifically valuable of celestial 
pbeaomena. 

Irobably most persons are aware by this 
toe that of the three or four different 
**ttod8 by which the Transit may be oberved, 
jW one known as Delisle's is that on which 
8>^«nd, in common with the majority of 
*er nations taking part in the work, will 
pee chief reliance on the coming occasion, 
"ne regard will be given to the IlaJleyan 
*8iod as well as those points where the 
rtiole Transit will be visible, as will be the 
tte at all of our southern stations ; photo- 
nphj'. also will be very generally used ; but 
le Astronomer Eoyal's choice of stations has 
a^dy been made on the basis of their cuita- 
lity for the method of Delisle. Briefly and 
UmlBrly, this consists in the accurate deter- 
isation of the interval, of time which elapses 
tween the moment when some instantane- 



ous phase of the Transit is seen from one point 
on the earth's surface, and that at which the 
corresponding phase is seen from another point 
far distant from the first, a necessary condi- 
tion being that this time-interval shall be as 
great as circumstances will admit of. The 
two phases most suitable for observation are, 
— firstly, the apparent entry or *' ingress" 
of the' planet on the sun's surface; and, 
secondly, her depai-ture or *' egress" from it ; 
and the critical moments to be seized are, in 
the first case, those at which, from different 
stations, the planet's hinder edge, or ** follow- 
ing limb," is seen exactly in contact with the 
sun's edge on one side ; and, in the second 
case, those at which, from other stations, her 
advanced edge, or ** preceding limb," is simi- 
larly seen in contact on the other side. In 
other words, they are the first and last 
moments, respectively, at which, from the 
several points, the whole disc of the planet is 
seen just within the sun's rim. A crown- 
piece laid on a large round table, touching its 
edge, first on the left hand and then on the 
right, will serve to illustrate the above 
phases, which are called those of " inferior 
contact " at ingress and egress respectively. 

That the reader may now understand some- 
thing of the conditions which govern the 
choice of stations, let him conceive a plane to 
pass through the centres of the earth and sun, 
and through the centre of Venus at the mo- 
ment when she first arrives within a conical 
surface similarly imagined to envelope the 
circumferences of the earth and sun. This 
plane will evidently cut the edge of the illu- 
minated half of the earth in two points dia- 
metrically apart. And since Venus, moving 
faster than the earth, crosses the sun's face 
from east to west, it is also evident that an 
observer placed at the eastern extremity of 
this diameter will witness her ingress sooner 
than he would from any other point on the 
globe; while an observer at the opposite or 
western end will sensibly be the last to see it 
— ^neglecting, for the sake of brevity, the slight 
change introduced by the earth's axil rota- 
tion, and by her own and Venus's proper 
motions in the interval, none of which, how- 
ever, may be overlooked in practice. The one 
would SCO the interior contact at ingress 
'* most accelerated ; " the other the same 
phase ** most retarded." Geometrically, there- 
fore, these would be the best points for a pair 
of observations of the ingress. But, as this 
ingress has to be observed from the two sta- 
tions at nearly the same time — for the interval 
between the most accelerated and most retarded 
ingress in the coming. Transit will be only 
some 25 minutes — it follows, from the nature 
of the case,- that to each of the two Dbserrcpn> 
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thus situated 180 degrees apart from one 
another, the sun will be but htrjly above the 
horizon at the critical momentB. To the east- 
em observer it will be just sunset, to the 
western one sunrise. But, inasmuch as it is 
a necessary condition, consequent on the dis- 
tortion of the sun's image at veiy low alti- 
tudes, that it should bo not less than about 10 
degrees above the horizon, our observers must 
be placed at points somewhat nearer together 
than a full diameter of the earth. The best 
points for observation of the egress also are 
determined on exactly similar principles. In 
every case, however, the theoretical conditions 
are, of course, limited in practice by the possi- 
bility of finding land near the desired spots 
which can be reached and occupied with safety 
by the observing parties : the observations, 
to be trustworthy, can only bo made on ten'a 
Jirma. It may be worthy of remark, with 
respect to the last matter, that the Astrono- 
mer Royal, and those who act with him, de- 
termined at the outset not to attempt to send 
expeditions to points destitute both of inhabi- 
tants and anchorage, though they were will- 
ing to put up with the absence of either the 
one or the other singly, as, indeed, is shown 
in the case of three of the stations already 
chosen. We must not omit to mention, lastly, 
that the prospects of fine weather at the sea- 
son of the Transit have also to be taken into 
account in the choice of stations. 

Supposing, now, that the absolute time- 
interval between a pair of observations of 
accelerated and retarded ingress or egress, ns 
the case may be, has been ascertained, as well 
as the distance separating the two stations, 
and remembering also that the relative dis- 
tances of the Earth and Venus from the sun 
and their heliocentric angular velocities are 
already exactly known, we have at once, by 
simple geometry, the chief datA necessary for 
the computation of the sun*s distance, though 
the actual reduction, atmospheric refraction, 
and other causes, which cannot be dwelt upon 

here. 

Guided by conditions such as we have indi- 
cated, the Astronomer Royal has chosen ^yc 
principal and three subsidiary stations for our 
share in the enterprise. Honolulu will be 
the chief station for observing the accelerated 
ingress, and it will be strengthend by second- 
ary stations at two other points, probably 
Hawaii and Atooi, in the Sandwich Islands. 
The retarded ingress will be observed at Rod- 
riguez Island near the Mauritius, and nt 
Christmas Harbour in Kerguelen Land (some- 
times called the '^ Island of Desolation"), in 
the Southern Ocean ; with a station auxiliary 
to the latter at some second point on the same 
island. Lastly, Chrittchurch (New Zealand) 



and Alexandria will pair together for the ac- 
celerated and retarded egress, supported bj 
independent observations which will be made 
in Australia and Northern India. As Delis- 
lean stations, all of the above are excellent. . 
For Halley's method, Kerguelen and its satel- 
lite« though not of first-class value, arc good, 
probably the best practicable, southern 
stations; Christchurch and Rodriguez are of 
inferior value in this respect ; and the rest 
are excluded, the whole transit not being visi- 
ble from them. Parties, each consisting of a 
chief astronomer in charge, at least one solar 
photographer, and from one to throe or four 
assistant astronomers, will be sent to the 
five principal stations. There will also be 
attached to each party two or three sapper 
photographers from the Royal Engineers, a 
number of whom have been under instruc- 
tion at Chatham by Captain Abney, R.E.. 
in the use of the photoheliograph and 
the manipulation of sun - pictures. Sir.. 
George Airy's arrangements for the per- 
sonal s*aff arc not yet complete, but, so far 
as is decided at present, Captain Tupman, 
R.M.A., a well-known member of the Astro^ 
nominal Society, will conduct the Honoluh 
party, and will be accompanied by Professor r 
George Forbes, of the Andersonian University, ; 
Glasgow, and others. Lieutant Neate, UN., . 
is nominated as chief for Rodriguez ; and the 
Rev. S. J. Perry fills the corresponding office . 
for Kerguelen. The stations subsidiaiy to 
Honolulu and Kerguelen will be served by ' 
detachments from the main parties. Major' 
Palmer, R.E., will have charge at Chrut* 
church, and Captnin Ord Browne (late R.A) 
at Alexandria; Lieutant Darwin, R.E., and 
Captain Abney, R.E., respectively undertak- 
ing the photographic work at these two places. 
At the outset of the enterprise, several full-pay 
officers of Artillery and Engineers, nearly 
sufficient in number for the entire st^ff, and 
all of them more or less qualified by previous 
knowledge, volunteered to take part in it, and 
we believe that Sir George Airy was anxious 
to avail himself of the sendees of a class of 
observers whom experience had shown to be 
well fitted for work of the kind. But at this 
point the Admiralty or the "War Office, or both 
together, failed him. 'W'^ith the three excep- 
tions we have named, the services of thff*- 
officers were refused, on the score of expenset 
and as an alternative a call was made for 
volunteers from officers of the Royal XaTT. 
Fortunately, men of energy and ability re- 
sponded to this appeal, and have since applied 
themselves to the work with a zeal and 
industry which give the best possible pronuaB - 
of success. - 

In the preparation and equipm^t of.tbft 
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nt parties, the yigilant forethought of the 
nomer Eojal seems never to have relaxed. 
only is the instramental outfit probably 
irgest and most perfect of its kind which 
▼er been brought together, but even in 
et of those minute details which contri- 

so much to accuracy and success in an 

rprise of this kind, nothing seems to hare 

forgotten or neglected. When we men- 

for example, that, in addition to the 
tless other duties of his arduous office, 
George Airy has contrived to give his 
onal attention to such matters as designing 
portable observatories for the various 
raments, and devising the best positions 
the doors and windows of the photohelio- 
^-huts and " dark rooms," according to 
different latitudes and different hours of 
day for which they will be required some 
I may be formed of the amount of work 
ch has fallen upon him, and of the thought- 
care with which the practical details have 
a planned and executed, 
lendes such smaller items of equipment as 
iched telescopes, portable transit instru- 
its, telegraphic apparatus, compass, chrono- 
ters, barometers, &c., four chief instruments, 
li with its portable observatory, solid stone 
tform, astronomical clock, and other 
essary gear, will be sent to all the principal 
tions. First in order come the Transit 
troments, of forty inches focal length and 
ce inches aperture, mounted on massive 
oe piers. These will be used for finding 
16 by the transits of stars, and longitude 
tnnsits of the moon. "We have seen that 
is on essential condition of Dclisle's method 
it the relative time at any pair of stations 
dlbc exactly known. Astronomers adopt 
*KQwich time as the absolute standanl of 
nparison for this purpose. But, as Grcen- 
ch time cannot be carried accurately all 
w the world, it is inferred at distant places 
na the local time combined with the sup- 
ped longitude. Alexandria is the only one 
our Transit stations the longitude of which 
tt as yet be determined by telegraphic 
inals. At the rest it ivill be necessary to 
»d absolute longitude by observations of the 
^. This is a task requiring time and 
>ttble, since, to get a sufficiently accurate 
Wnnination, about 150 observations, extend- 
S over some months, will be needed. In 
(lor that these longtitude observations may 
i&tdtiplied as quickly as possible (and for 
determination also of latitude), each party 
U take out a large altazimuth instrument, 
yertical circle, with which azimuths or 
luth distances of the moon m^ be observed 
my part of the heavens. These fine in- 
vaents, as well as the Transit instruments. 



have been made expressly for the expeditions 
by Messrs. Troughton and Simms. Such are 
the modem refinements of observation and 
theory that it is hoped tha;, by a combination 
of altazimuth and transit observations, Green- 
wich time will ultimately be known at each 
observatory to within a single second, though, 
as astronomers well know, to obtain so accu- 
rate a result as this is a matter of very great 
difficulty. The determination of latitude will ■ 
be much simpler, for, in this case, the error, 
after a week or two's work, is not likely to 
exceed a few feet. 

We come now to the critical and most 
difficult point of all — that to which all the 
others are subsidary — namely, the determina- 
tion of the moment of the planet's first arrival 
within the sun's disc, or of her departure from 
it. For the eye- observations of these phe- 
nomena, each station will bo furnished with a 
tolescope of six inches aperture, equatorially 
mounted, and driven by clockwork with such 
a speed as to remain steadily fixed on the sun 
after having been once pointed to it, thus 
leaving the observer the free use of his hands 
for other purposes. The famous ** Lee " . 
equatorial is one of the number, and will be 
sent to Alexandria. It might be thought a 
tolerably simple matter for an observer with a 
good and powerful telescope to detect the 
instant of true interior contact of the magnified 
discs of Venus and the sun. In reality, how- 
ever, it is very far from easy. Owing to. a 
perplexing phenomenen termed " irradiation," 
the bright sun appears teo large and the dark 
planet too small. The effect of this is that for 
several seconds after Venus seems to have 
completed her ingress she presents a somewhat 
pear-shaped form, remaining apparently at- 
tached to the sun's edge by a dark band or 
ligament, which, from a breadth equal to 
between 1-lOtti and l-20th of the planet's 
diameter, shiinks to a fine line, and ultimately 
breaks. Similar appearances, in reversed 
order, are seen before apparent contact at 
egress. This ligament is now known generally 
to astronomers as the " black drop." It is 
the crux of the contact observations, and 
presents some of the most baffiing and for- 
midable difficulties which mathematicians will 
have to deal with. By the hitherto accepted 
theory of irradidtion, the instant of breaking 
or first formation of the black drop, according 
as ingress or egress is referred to, is sensibly 
the instant of true contact. But, by expeiu- 
meiit, it is now found that this theory does 
not hold good, and that different telescopes 
give different results under circumstances in 
all respects the same ; and that the differences 
vary in a most irregular and puzzling .manner 
'—though, as a rule, the larger and better 
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the telescope and the duller the light, the less 
is the amount of irradiation and the earlier 
the breaking of the black drop. With the 
double purpose of investigating these matters 
and of finding at the same time the ** personal 
equations" of the observers, Sir George Airy 
devised a model of the transit of Venus, which 
has been in working order at Greenwich for 
the last few months. In this, a **heliostat," 
or revolving mirror, is used to flash the sun's 
rays: through an aparture in a black metal 
shield towards an observing station 400ft. 
beyond it, where the telescopes are erected. 
The edges of this aperture on either side are 
so constructed as to represent truly the curves 
of the sun's circumference at those parts where 
Venus will make her entry and exit, calculated 
for the given distance of 400ft. ; and across 
the opening a plate of glass, carrying a metal 
disc, which is similarly proportioned to the 
size of the planet and placed properly in 
position with respect to the curves, is made te 
travel, by attachment to an astronomical 
clock, with a velocity corresponding to that 
which Venus will have at the time of Transit. 
This simple but most ingenious contrivance 
affords on excellent means of testing the 
properties of irradiation as exhibited by dif- 
ferent telescopes, to different observers, and 
under varying conditions of sunlight. The 
mock Venu^ can be placed in actual contact 
with the meek sun, or at any number of 
seconds by the clock before or after contact ; 
or the phases of ingress or egress may be 
allowed to transpire, just as in the real Tran- 
sit. The several appearances seen in the 
telescopes at the observing station can then be 
registered and compared ; they may also be 
photographed, for comparison of the phe- 
nomena imprinted on a photagraph with those 
w itnessed by the eye. A large number of such 
observations have already been made at Green- 
wich, by the very men who will ultimately 
be engaged in the more serious work of the 
real Transit. It is true that we are dealing 
only with a short distance, a slightly dimin- 
ished light, a mock sun, and a flat bit of 
metal instead of a globular planet surrounded 
by an atmosphere. Yet it is no less certain 
that the model exhibits phenomena very 
closely approximate to the true ones, and 
that in the hands of Sir George Airy, ably 
seconded by Captain Tupman, whom he has 
intrusted with the management of all the 
details and calculations, this series of experi- 
ments will give results of very great value 
for the accurate reduction of the contact 
observations. 

But the critical observation of the instant 
of tme contact is, fortunately, not the only 
one which the observe will be able to depend 



upon. By means of a beautiful apparatos 
called the ** doublet-image micrometer," also 
the invention of Sir George Airy — which mty 
be briefly described as a four-glass erecting 
eye piece, one lens of which (the third from 
the eye) is divided, so that two images of any 
object may be moved pa^t one another over 
an angular distance measurable by a micro- 
meter screw— he will be able, during ^Ye or 
six minutes before contact at ingress, or after 
contact at egress, to determine with accuracy 
the distances between the fine horns or 
"cusps'* of light intervening between the 
dark body of Venus and the sun's circumfer- 
ence. Reverting to our former illustration of 
the crown-piece and round table, if any one 
wiU now place the coin just overlapping tbe 
edge of the table, he will understand what is 
meant by the cusps, and will see that, as tbe 
coin is gradually moved outwards or inwards, 
the distance between the cusps is according^ 
increased or diminished. The double-image 
micrometer can also be utilized when Venii* 
is wholly on the sun for measuring the dis- 
tance between her edge and the near edge of 
the sun, so long as that distance does sot 
exceed her own diameter. In these two ways, 
a large number of very good measures of tbe 
planet's position on the sun's face will be 
obtained, irrespectively of the true contact ; 
and as the exact time of each observation will 
be noted, it will be possible, by comparison of 
the measurements, to infer the time of con- 
tact with great precision from them alone* 
should this be necessary. 

Solar photography will be largely employed 
during the transit as an auxiliary to the eye-' 
observations, and results of extreme accuracy 
are anticipated from it. Five magnificent 
photoheliographs, one to each principal sta^ 
tion, have been constructed for the occarioD 
by Mr. Dallmeyer, with such exquisite refine- 
ment of scientific care and ingenuity that their 
optical properties may be pronounced the most 
perfect yet attained. The photographs taken 
by them will be free irom all distortions and 
impeifections other than those which mi^t 
possibly result from unequal contraction of 
the film, in the wet-collodion process, hot 
which are totally inappreciable in practice, if, 
indeed, they exist at all. The chymical pro- 
cesses best calculated to produce peifect 
pictures have also been very careftdly con- 
sidered by Dr. Warren De La Rue, Captaio 
Abney, and other emiaent photographers. 
Such, in short, will be the mathematicid pre 
cision and sharpness of outlines in these 
photographs that they will be perfectly avail- 
able for exact micrometric measurements of 
the minute and delicate differences of distance 
and position with which astronomers will be 
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icemed in their gnbsequent inyestigaiions. 
ke the principal telescopes just now de- 
ibed, the photoheliographs are cquatorially 
»nntedy and carried along by clock-work 
th the same Telocity as the sun. For the 
ce of popular explanation, they maybe said 
irsemble largo and powerful telescopes, 
ted with a camera at the eye-end. Nearly 
the primary focus of the object-glass is 
aced an instantaneous exposing shutter, held , 
position by a detent, which acts against a 
)werful spring attached to the lower end of 
le shutter. A slit across this shutter, 
cdiiiarily about one-tenth of an inch in 
readth, can be widened or contracted by an 
posting screw, to suit the intensity of the 
onlight ; and, on the release of the detent, 
nomentary flash, darting through this slit 
« the shutter flies down, paints a four-inch 
wtnre of the sun on the sensitive collodion 
ikte in a very small fraction of a second of 
ime. In this way, sun-photographs may be 
:iken with great rapidity at certain stages of 
^ transit, Yenus appearing in the pictures 
M a black spot on the sun's face, about one- 
^th of an inch in diameter. But for the 
fet more rapid portraiture of the planet's 
^ges of position at the critical phases of 
u^iress and egress, use will be made of an 
ngenioui apparatus known by the name of its 
uraitor, M. Janssen. This consists of a 
^cviee for exposing, at very short intervals, 
P^rta only of a rotating collodion plate along 
it8 outer edge. The pictures thus taken will 
^ very small, comprising only that bit of the 
^'s rim across which Venus may bo moving. 
■i^S however, is all that will be needed just 
^ ; and as 30 or 40 of these pictures will be 
^en in about two minutes, and the instant 
^ each exposure be accurately noted, they 
^ furnish the means of obtaining an exceed- 
*^y close approximation to the tnic moment 
>f the breaking of the black drop. For the 
tter stages of the transit, full-sized photo- 
liphs will obviously be needed, so as to 
xhibit the sun's centre as a fixed referring- 
Dint for admeasurements. A series of such 
cturcB taken at our southern stations, where 
le whole transit will be visible, will possess 
eat value in connexion with the Hallevan 
ethod of observing the whole duration of 
mns'd passage. They may, indeed, be said 
amount in principal to a modification of 
idley's method. For they will register with 
Dtnmmate accuracy, from widely- severed 
itions, the position of the chords described 
' the planets centre across the sun's face, for 
mpflrison with the positions of those cords 
determined by the method of durations. 
doM taken near the middle of the Transit 
lU alto a£ford a direct measure of the least 



distances between the centres of Venus and 
the sun, which is again another modiflcation 
of the same method. In all these photogra- 
phic operations it is likely that the dry-plate 
process will be chiefly employed, on account 
of its great simplicity and rapidity. 

Lastly, it has been proposed by the eminent 
astronomer Father Secchi, of Home, to utilize 
the exterior contacts of Venus and the sun, by 
means of a peculiar adaptation of the spectro- 
scope, which enables the chromosphere or hy- 
drogen stratum overlying tlie sun's photo- 
sphere to be seen at the same time as the 
photosphere itself, so that Venus's limb may 
appear projected on the ohromosphere before 
it reaches the photosphere or ordinary telesoo- 
pic limb of the sun ; the planet's approah to, 
and first exterior contact with, the sun may 
thus be watched. Supplementary observa- 
tions of this kind will probably be attempted 
by Captain Tupman at Honolulu, and by Lord 
Lindsay at the Mauritius. 

There is one excellent feature of the general 
arrangements which must not be unnoticed. 
In the history of astronomical expeditions, 
few mistakes have been made thaa that 
of sending out observers deficient in prac- 
tical knowledge of their work and theii* 
instruments. No apprehensions on this score 
need be felt on the present occasion. In 
building with their own hands the observa- 
tory-huts and foundation-piers, as well as in 
the erection, adjustment, and constant use in 
the best possible way of the identical instru- 
ments which they will take with them, and 
also in the reduction of their observations, the 
scientific staff have been undergoing a long 
and complicated drill, the practical value of 
which it would bo difficult to overstate. By 
means also of the model, they have been 
systematically exercised in the observation of 
the phenomena of the Transit, learning what 
they may expect to see, what precautions to 
take, and what points to note. In fact, so 
thoroughly expert wiU they probably have 
come, by the time the expeditions start, in 
the practical details of their work, that, if 
they are only favoured with clear skies during 
the momentous hours of the transit, we 
may count with confidence on entire success. 

Nor will they bo by any means alone in 
their interesting task. America and some of 
the chief States of Europe are making costly 
and elaborate preparations to co-operate. 
France will, it is understood, despatch observ- 
ing parties to St. Paul Island, Amsterdam Is- 
land, Campbell Island, and Marquesas Islands, 
in the southern hemisphere, and to Pekin and 
Yokohama, in the northern, and will also pro- 
vide some secondary stations in one or two of 
her Colonies. Qermany proposes to occupy 
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Auckland Island, Macdonald Island, Bluff 
Harbour (2^ew Zealand), and Mauritius in the 
south, and in the north a station in China or 
Japan, and a photographic station in Persia, 
on the line of the Indian telegraph. Of 
American plans little certain is yet known, 
but they "vrill probably comprise the establish- 
ment of three or four stations — one of tkem 
at Maedonald Island — in the southern hemi- 
sphere, and as many in the northern. And 
Russia, strong in the advantage of having an 
immense adjacent tract of her own territory 
favourable for observations of the Transit, 
will equip, though on a more moderate scale 
than the other countries, no fewer than 27 
stations between Odessa and Japan, 15 of 
which, distributed over Western Siberia and 
Eastern Kussia, and round the Black and Cas- 
pian Seas, arc well suited for Delislean ob- 
servations of the retarded egress, while the 
rest are Halleyan stations, situated chiefly 
in Eastern Siberia and Tartary. At the 
stations we have above enumerated, eye- 
observations of contact photography applied | 
in two or three different ways, and the 
''direct" method of measuring with a helio- 
meter the distances between the centres of 
Venus and the sun will be variously employed. 
Lastly, British India will be represented by a 
photographic station in the Punjab, under the 
charge of Lieutenant-Colonel Tennant, R.E. ; 
Lord Lindsay, with the liberality in scientific 
matters for which he is distinguished, will 
take an admirably equipped private expedition 
to Mauritius ; and our Colonies and Colonial 
Observatories are preparing to co-operate at 
suitable points. Altogether, there will be at 
least 70 or 80 stations, scattered over the illu- 
minated side of the earth, from which, between 
the hours of about half-past 1 and half-past 
6, Greenwich time, on the morning of the 9th 
of December, a small army of astronomers will 
be anxiously scanning, measuring, and photo- 
graphing the movements over the sun's face 
of the little black spot which is to afford us a 
solution of one of the sublimest problems of 
the universe. 

It will be interesting to note, finally, what 
is likely to be the ultimate issue of this grand 
combined attack upon the problem of the sun's 
distance — or, to speak technically, its '* equa- 
torial horizontal parallax," which is simply 
an astronomer's expression for the greatest 
angle which would be subtended by the earth's 
equatorial radius to an observer at the distance 
of the sun's centre, whatever that distance 
may be taken to be. Without enumerating the 
eight or ten values of this polar parallax which 
have been obtained by modem astronomers, 
by vazious- subtle and refined modes of theory, 
obdeff a^n, and experiment, it will be enough 



to say that the most trustworthy determ 
tions give an average value of about 8*92 c 
for the parallactic angle, corresponding to s 
91,480,000 miles from the sun's distant 
with an uncertxiinty of '032 sees., or, in ro 
numbers, 300,000 miles. The Transit 
Yenus may not be the means of altering 
quantity (8*92 sees.) by any large amoi 
but it will be of the utmost utility a 
crucical test of previous results, being the o 
direct geometrical solution of the probL 
Taking into account all probable errors 
longitude, local time, photographic and cont 
observations, it may be assumed, on a by 
means sanguine estimate, that the existi 
unceitainty will be reduced to one-third of 
present amount, or to -01 sees.; but itisi 
from unlikely that the probable residual en 
will be no more than one-half of the latl 
quantity — that is to say, our distance fire 
the sun will probably have been ascertain 
within 50,000 miles, or about l-1800thiM 
of its whole amount. Of the higher scienti] 
advantages we need hardly speak. But, f 
the information of those who would inquire 
to its direct practical uses, it may be as we 
to explain that an accurate knowledge of tl 
sun's distance is essential for the perfecting 
the lunar and planetary tables, and therefo; 
of the science of navigation, as well as f 
many other matters of practical importanc 
such as finding the true longitudes of plac* 
on the earth's surface, which depend on tl 
accuracy of the Lunar Theory. 



We have to hand a report of the first anna 
dinner of the !N"orth of England Horologic 
Society, from which we notice with pleaso; 
that the Society continues in a prosperoi 
condition. 

In the third year of the reign of James 
a watch was found upon Guide Fuwke 
which he and Percy had bought the day b 
fore, *' to tiy conclusions for the long ai 
short burning of the touchwood which 1 
had prepared to give fire to the train 
powder." 

TuE will, dated October 29th, 1867, 
Dame Harriet Fellows (relict of the late S 
Charles Fellows), late of West Cowes, Isle • 
Wight, who died on the 19th of March 1«» 
was proved on the 6th of June, the personalt 
being sworn under £20,000. The testatri 
bequeaths to the trustees of the British Mt 
seum her collection of watches, to be place 
and held with Milton's watch bequeathed t 
them by her late husband. The drawinj 
(by herself) of such watches the testatxixb 
queaths to the Royal Institution, Albemi^ 
street. 
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Jcfta to Ihc (Editor. 



ORIGINAL INTENTIONS. 
To tlio Editor of the Horologicai Jocbkal. 
Bin, — An inventor irho boldly invites the 
aHin to meet him for the purpose of examin- 
ing bis invention thereby (1emon»trateB his 
tOTWcicntioQs belief in the originality of his 
Tork, But it is disheartening to find nt the 
meeting several gentlemen well qnalified, hy 
practical expericncB and technical knowledge, 
to tct OS critics, and— prejudice apart — to 
fronoQDce opinions as to tho originality and, 
»M is of far more conscijuenee to the trade, 
wi, perhaps, to tho inventor, the practical 
nsefiilneH of his method, who, upon cxnmian- 
tim over that there is in it nothing useful ! 
nothing now ! It had been done by several 
of tttrn and by others ; models of the same 
tiling, made years, ago arc lying jwrrfw in " little 
boicj." Inventors ore not prone to proelaim 
tlwir failures until, cariously, Eomrbody 
firings np with au imitation. 

The Institute possesses copii's of all the 
patent specifications of Great Britain which 
contain matters relating in any way to Iloro- 
i»gy. Tho value of this convenience to in- 
'witors for the purposes of reference cannot 
tie over-estimated. I do not know whether 
"Ihtrs than members have the privilege of 
Keen to them. Attached to the Institute is 
J inasenm, and the mouthpiece of tho trade 
Mthe/oarna/of the Institute. If the models 
[Dthe little bosea, presumed to be of little 
tnbinaic value, had been deposited in tlic 
nuscurn open to the inspection of the mcm- 
l*™. or if the several inventors had described 
m the Jovrtial the various means they had 
Wiployed to effect their object, much time in 
^'orking out ideas and expense in construct- 
'"B nodels and patent fees, might have been 
["^i not only in this instance, but if we 
°*^ not had the meeting referred to, which 
''W reported in the Journal, to act as ii guide 
"13 as a warning, in many more similar oases, 
•liich might have followed. The obvious in- 
"Biitra of this letter may be a sufficient in- 
"Ocement for you to publish it. 

I am yours, &c., 
W. S. HAERISON. 



Sib,— -Permit me to lay before your society 
ttie foUoving difficulty that I observed of one 
pendnliUD infiaencing anotber when in close 



vicinity. I have applied at tho Royal Obser- 
vatory ; the case has not been observed there, 
nor can I find any published explanation on 
this subject, except when pendulums are ri- 
bratinu in the F^ame plane. 

Brno the dislnrbaiic^ came to he observed: — 
The Kev. Archdeacon Stock, who has ch*rg6 
of the Wellington time-hall tran.iit apparatus 
in New Zealand, having no mechanical tastes, 
requested mo to put up the apparatus for him. 
I prefer cleaning the clocks myself to allow- 
ing them to go into the clockmaker's hands. 
I had tho dropping clock out for cleaning, 
when Mr. Stock observed that the pendulum 
was vibrating (which I found to bo the case) 
somewhat less than half the usual beat. 
After some time, say a quarter to half au hour, 
it occuri'cd to mo that the pendulum ought to 
be at rest (from the time elapsed since taking 
tho works out of the case), and that the con- 
tinued motion must result from the influence 
of the pendulum of the astronomical clock. 
I found the pendulum slill vibrating about 
tbo same. I then placed it at rest, carefully 
closing the case. In about a quarter of au 
hour I found tho pendulum vibrating about 
one quarter of an inch from the pcrpcndieulnr. 
I tried it a second time, with tho same resiult. 
I afterwards found that the tight weight and 
wooden penduhim of the dropping clock influ- 
enced the mercury weight and steel pendulum 
of the astronomical clock, but onlv through 
about hidf the distance. Having only one 
astronomical, I did not dare to go i!it» expe- 
riment to find the causa. 

It has been observed that after as carefully 
as possible correcting the height of the mer- 
cury for temperutui-e there was a varying rati: 
independent of meteorological causes. Uighl 
not tbo sympathy of the pendulum bo the 
cause ? 

When placing the clucks 1 was aware that 
two pendulums vibrating in the same plane 
would affect one another, so I placed them so 
as to vibrato at right angles. 

The pedestal is of brick, set in cement some 
two feet on tbe earth, composed of broken 
sandstone, the interstice tilled with a sandy 
cluy. There arc two stone slabs on top of 
angular brick work, with wooden framework 
(separate to both clocks) of three inch square 
scantling, and braced with iron screw rods. 

Any information will be thankfully re- 
ceived. 

QcEfiv. — How far would it be neccsaary to 
place the clocks apart to prevent one clock 
affecting the other, because for convenience 
they should stand together ? 

I am , sir, yours truly, 

JOHN PEPPBLT, 
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Auckland Island, Macdonald Island, Bluff 
Harbour (I^ew Zealand), and Mauritius in the 
south, and in the north a station in China or 
Japan, and a photographic station in Persia, 
on the line of the Indian telegraph. Of 
American plans little certain is yet known, 
but they will probably comprise the establish- 
ment of three or four stations — one of tkem 
at Maedonald Island — in the southern hemi- 
sphere, and as many in the northern. And 
Russia, strong in the advantage of having an 
immense adjacent tract of her own territory 
favourable for observations of the Transit, 
will equip, though on a more moderate scale 
than the other countries, no fewer than 27 
stations between Odessa and Japan, 15 of 
which, distributed over Western Siberia and 
Eastern Kussia, and round the Black and Cas- 
pian Seas, are well suited for Delislcan ob- 
servations of the retarded egress, while the 
rest arc Halleyan stations, situated chiefly 
in Eastern Siberia and Tartary. At the 
stations we have above enumerated, eye- 
observations of contact photography applied 
in two or three different ways, and the 
''direct" method of measuring with a helio- 
meter the distances between the centres of 
Venus and the sun will be variously employed. 
Lastly, British India will be represented by a 
photographic station in the Punjab, under the 
charge of Lieutenant-Colonel Tennant, R.E. ; 
Lord Lindsay, with the liberality in scientific 
matters for which he is distinguished, will 
take an admirably equipped private expedition 
to Mauritius ; and our Colonies and Colonial 
Observatories are preparing to co-operate at 
suitable points. Altogether, there will be at 
least 70 or 80 stations, scattered over the illu- 
minated side of the earth, from which, between 
the hours of about half-past 1 and half-past 
6, Greenwich time, on the morning of the 9th 
of December, a small army of astronomers will 
be anxiously scanning, measuring, and photo- 
graphing the movements over the sun's face 
of the little black spot which is to afford us a 
solution of one of the sublimest problems of 
the universe. 

It will be interesting to note, finally, what 
is likely to be the ultimate issue of this grand | 
combined attack upon the problem of the sun's 
distance — or, to speak technically, its "equa- 
torial horizontal parallax," which is simply 
an astronomer's expression for the greatest 
angle which would be subtended by the earth's 
equatorial radius to an observer at the distance 
of the sun's centre, whatever that distance 
may be taken to be. Without enumerating the 
eight or ten values of this eolar parallax which 
have been obtained by modem astronomers, 
by various- subtle and refined modes of theory, 
obseftalion, and experiment, it will be enough 



to say that the most trustworthy determina- 
tions give an average value of about 8*92 sees, 
for the parallactic angle, corresponding to some 
91,480,000 miles from the sun's distance — 
with an uncertainty of '032 sees., or, in roun^^ 
numbers, 300,000 miles. The Transit o^-^ 
Venus may not be the means of altering th 
quantity (8*92 sees.) by any large amoua 
but it will be of the utmost utility as ^ 
crucical test of previous results, being the oivlr 
direct geometrical solution of the probl^^ 
Taking into account all probable errors ^/ 
longitude, local time, photographic and contuct 
observations, it may be assumed, on a by on 
means sanguine estimate, that the existing 
unceitainty will be reduced to one-third of its 
present amount, or to '01 sees. ; but it is &r 
from unlikely that the probable residual error 
will be no more than one-half of the latter 
quantity — that is to say, our distance j&onx 
the sun will probably have been ascertained 
within 50,000 miles, or about l-1800th jwrt 
of its whole amount. Of the higher scientiftc 
advantages we need hardly speak. But, f^r 
the information of those who would inquire as 
to its direct practical uses, it may be as well 
to explain that an accurate knowledge of the 
sun's distance is essential for the perfecting of 
the lunar and planetary tables, and therefore 
of the science of navigation, as well as for 
many other matters of practical importance, 
such as finding the true longitudes of places 
on the earth's surface, which depend on the 
accuracy of the Lunar Theory. 



We have to hand a report of the first annual 
dinner of the !N"orth of England Horological 
Society, from which we notice with pleasure 
that the Society continues in a prosperous 
condition. 

In the third year of the reign of James I. 
a watch was found upon Guide Fawkes, 
which he and P< rcy had bought the day be- 
fore, " to tiy conclusions for the long and 
short burning of the touchwood which he 
had prepared to give fire to the train of 
powder." 

TuE will, dated October 29th, 1867, of 
Dame Harriet Fellows (relict of the late Sir 
Charles Fellows), late of West Cowes, laJe of 
Wight, who died on the 19th of March last, 
was proved on the 6th of June, the personalty 
being sworn under £20,000. The testatrix 
bequeaths to the trustees of the British Mu- 
seum her collection of watches, to be placed 
and held with Milton's watch bequeathed to 
them by her late husband. The drawings 
(by herself) of such watches the testatrix be- 
queaths to the Royal Institution, Albemaile- 
atreet. 
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C, 114, High-street, Sunderland. 

— , Watch Maker, Bourk-street, 
>nme. 

Geo., Watch Maker, Tabemacle- 
e, E.C. 

1, Wm., Watch Maker and Jeweller, 
ch-atreet, Saf&on Walden. 
iGE, James, Watch Manufacturer, 8, 
Lion-street, E.G. . 

, BiCHABD EnwABD, Watch and Clock 
r, Eastwood, Nottingham. 
— , Watch Maker, Carlton-place, 
►n. 

GrEosoE, Watch Maker, Mansfield. 
— , Escapement Maker, Stanford- 
Tottenham, N. 

r., 16, Cottage-lane, New Charles- 
;, City-road, E.C. 
»H, Watch Maker, Melbourne. 
JoHK T., 38, John-street, Glasgow. 
— , 169, Bloomsbury-street, Bir- 
ham. 

J., Jeweller, Upperhead-row, Leeds. 
^ Mazekece, Watch and Clock 
r, 1, High-street, Weston- Sup^r- 

■ 

-, Watch Manufacturer, Reigate. 

H., 28, Market-square, Lisbume, 
id. 
jcver Escapement Maker, i35, Grove- 

Holloway, N. 

3T, & FiLs, Watch Manufacturers, ; 
va. 
THUK, Watch Manufacter, 41, Com- 

. J., 21, St. John's-square, E.C. 

j.f Defiance, Ohio, U.S.A. 

LoBEBT, West Shandon, Dumbarton- 

Eenbt a., Watch Maker, 229, West 
more-street, Baltimore, Mary nd, 

Wm., 8, Vincent- terrace, Duncan- 1 
ce, Islington, N. 

GusTAVE, Watch Maker, 10, Rhyl- 
b, Maldon-road, Kentish Town, N.W. 
BEZ, 86, Church-street, Croydon. 
G, M., Watch Material Dealer, 
s. 

HAKLEs, Watch Maker, 130, Gray's 
road, W.C. 

Geo., Wdtch Maker, Ipswich-street, 
market, Suffolk. 
K, 143, Mill-street, Crewe. 

H., 10, Market-street, Burnley, 
sfihire. 



B. GOTTBLAT, MeLBOTTEKE, Ar8TBALU.-^Z%^ 

mbscrivtion is 12*. per year. Ths besi, in- 
d^ me only, wort obtainabk is the hack 
vohmiBS of our Journal. 

Is there anything which wiUeffedually dedrou 
magtietism in the sted parts of a clock or waiai 
eoccgpt massing them through the fire .^— MAK- 

Yfm any of your corresponamts oblige by 
given the entire method ofpoashina watch wheels , 
together with the tools, I am able to gloss and 
face a pinion and wiU doubtless be able to accom- 
plish wheek, shoidd I hit get the necessary 
informaiion. — P. E. 
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xxth\ '^oxoUpul In^tittttt 



THE ESSAYS ON THE COMPENSATION BALANCE. 

Bepobt of thb Adjudioatobs. 



To the Council of the British Horological Institute, 

iviNo examined the essays sent to compete for the prize of fifby pounds, offered by thd 
ght Honourable the Baroness Burdett Coutts to the writer of the best Essay on the 
Clompensation Balance and its adjustments in chronometers and watches," we con 
ler the essay bearing the motto ''Scire tuum nihil est, nisi te scire hoc sciat alter'' 
9t fulfils the conditions. We therefore award the prize to the writer of that essay. 

/ G. B. AIET. 
Signed, j C. WHEATSTONE. 

(a. p. WALSH. 

The foregoing report having been read at a Council meeting, held the 4th August, 
74, the Chairman opened the envelope bearing the motto selected by the judges, and 
dared the writer of the essay to be Mr. W. B. Crisp, of 174, St. John Street Boad. 

While we congratulate Mr. Crisp on the high honour he has attained, we must not 
lit to express our appreciation of the spirit of emulation shown by the other gentlemen 
10 responded to the invitation of the Council to compete for the prize. Fully recog- 
dng the great amount of thought and labour involved in writing a competitive essay 
on a technical subject, we shall be glad (with the permission of the authors) to 
blish several of the essays, as space permits. 
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ANNUAL GENERAL MEETING. 

Thb Annual Meeting of the Members for the Election of Officers and the transadii 
of ordinary business, was held at the InstitutOi on Tuesday, August 11th, Mr. E.] 
Joirirso^, F.B.A.S. (yice-president), presiding. 

After reading the minutes of the previous general meeting, the secretary read il 
rejiort and balance sheet, as follows : — 



lUfHrri for ths half-year ended ^Oth June^ 1874. 

" The CWncil have much pleasure in Bvlh- 
fnittiri|; a Mtatement shewing the continued 
^irian(!ial success of the Institute. The half 
y^ar cUmod with a balance of £25 in favour 
of tlifi Institute, which is satisfactory, bear- 
ing in mind that the aim of the Council has 
uvur boon the furtherance of the objects for 
wklrJi the Institute was established rather 
than ih<t aooumulation of funds. 

'* T)ift Institute generally will be glad of 
an oj»ii<»rttinity of aoknowledginff the exer- 
fi(»n« of fho gontlemon who acted as a com- 
fiilft^n for arranging the exhibition, and who 
tmvf) jiiAi (winoludoa their labours by clear- 
ing up ihd outstanding accounts connected 
flinfofiltli. Tho distribution of the prizes 
awardod at tho oxhibition by the hands 
of ilio Lord Mayor, at the Mansion House, 
ifiUMt bo hold to bo an acknowledgment of 
itio valuo and position of the Institute. 

** 'Mio drawing-master reports that al- 
though fair pn)groBs has been made, the 
aitohdanoo has not boon so regular as could 
liavo boon dosirod, a result perhaps insepa- 
ralilo iVoni clasHos where the majority of the 
pupils work at their trades during the day. 
The Oouncil regret that the advantages 
offered, which really are considerable, are 
not so highly appreciated by the students, 
as by the older members of tne trade. The 



future self-interest of the pupils, the Coimc 
feel, depends on their ava^ng themselves < 
the opportunity which the Institute affoidi, 

'' The essays sent in to compete for th 
prize offered by the Eight Honourable tb 
fiaroness Burdett-Coutts, to the writer < 
the best essay on the compensation balane 
are still under the consideration of tl 
judges, whose report is daily expected 1 
the Council, 

** The Goldsmiths' Company continue 
furnish annually their fund in furtheran 
of our art, affording the Council this oppo 
tunity of acknowledging the same wii 
thanks. 

'' The Council have to thank the Depot; 

Master of the Mint, for his courtesy in ai 

I ceding to the request of the Council I 

granting admission to a considerable nun 

ber of the Members to inspect the variov 

> processes at the Mint. 

" Mr. Schoofs paper on the lever escape 
ment, was read before a very full aasen 
blage of the members, comprising some ( 
our most eminent watchmakers, and eliote 
a lively conversation on the various ptmrt 
raised. 

** Twenty-eight new members have beei 
elected during the half-year.-^By oider c 
the Council, 

*• (Signed) F. J. BBrrrEN, Secretary." 



Balance Sheet for the Half- 



Dr. 



»» 



»» 



To Balance in Treasurer's hands last Audit 
do. do. Building; Fd 

Donation (Goldsmiths* Company) 
Subscriptions . . 
Sales of Journals 
Advertisements 
Drawing Class Fees . . 
Sundries 

Contributions to Exhibition Fund 
Six Months' Interest of Building Fd 



»» 
ft 
»* 
t* 
tf 
tf 
»» 



£ 

19 
51 

r»o 

70 
46 

37 
3 
5 

37 
1 



M. 

11 

5 


13 
7 

lo 

9 

3 

6 



d. 

1 



2 
G 



7 



Tear ended 30th June, 1874. 
Cr. 

By Rent and Taxes 

Salaries, Wages, and Commissions 

Journal Expenses 

Stationer)*, Stamps, &c. 

House Expenses 

Printing 

Repairing Regulator . . 

Sundries 

Exhibition Expenses . . 



£327 6 4 



»» 



»» 



»» 



»» 



>> 



>> 



ti 



»» 




Balance : 
Cash in Treasurer's hands 



»» 



M 



tf 



£249 S ^ 

. . 25 12 i 
Building Fond 52 10 

£327 5 



We have Examined the above, together with the Books and Vouchers, and certify the same to be 
•orrcct, this 16th day of July, 1874, 

(Signed) James Pyott. ) ^ ..^ 

C. H. Hawkins. H'**^''- 
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The CHAiBacAN, in moving the adoption 
I the Beporty said : — I am sure you will 
lot call upon me to give an assurance of the 
ively interest I take in the Institute, and the 
Ixrdy gratification it gives me in congratu- 
lating you on the advancing prosperity of 
the Instilute. There are some littil^ points 
which, as matter more of feeling than fact, 
I could take exception to in the Eeport of 
your Council, but I may let them pass in 
Tiew of the general sunshine which seems 
to mark your progress. One particular is 
the state of your finances. I don't know 
the day when the sum in the hands of your 
treasurer amounted to over £5. I thii^ I 
may call upon Mr. Jackson to say the state 
of die funds was good in the early days, but 
there was not the power to use them. It is 
^te true the character of this institution is 
nch, that one would imagine we should 
hare had too great a rush for our means, 
itther than too small a constituency. But 
it is plain the progress made is like that of 
the oak, it is slow, but it shows itself npw 
to be composed of solid timber. Amongst 
oSier gratifying circumstances on which I 
tidi to congi*atulate you heartily, is the 
iteady notice into which the Council are 
leading the Institute itself. Nothing can be 
more gratifying than the recognition by 
pablic companies, such as the Goldsmiths' 
dmipany, by whom the notice must be looked 
upon pre-eminently to their honour, insepa- 
rable as are the institutions themselves. A 
vatch can no more be used without the case 
than the case can be used without the watch. 
They are rich enough to be generous, let us 
k>^ they will be generous enough to make 
^lemselves rich in the good wishes of others. 
Another mark of progress is the support of 
the Baroness Buraett-Coutts. I may con- 
patulate Mr. Jones, the indefatigable vice- 

Pjsident — who, I believe, was instrumental 
introducing the Institute to the notice of 
^that lady — upon the success which has in 
tbis case attended his efforts on our behalf. 
*ay he go on to the end of his time so oxcel- 
kftt a vice-president ; without his services 
* don't know what the Institute would have 
ione. (Hear, hear.) Mr. Klaftenberger 
^not move about much now on account 
'>f an infirmity in his feet, but we are grateful 
to him for past services. I am a valetudinarian, 
|t is little I can do. I thank you for retain- 
ing me the honour, though now an orna- 
nental vice-president only. The time was 
rhen I could labour, but you must take, as 
' do, the memory of tlie days when we 
rorked together. With regard to our 
resident, I must congratulate him on the ac- 
uisition of new honours. You could not have 



made a better selection ; he has a thorough 
knowledge of the usefulness to which horology 
leads. No better president, I think, could have 
been found through the length and breadth of 
the land. With regard to public recognition 
of your standing I may remark on those 
visits you make to such institutions as the 
Boyal Observatory and the Mint. It is 
an excellent idea. With regard to the 
Journal, I must say we owe much to those 
editors who have sacrificed their time in 
order to make it worthy of the Institute. I 
think never has the Journal had such a place 
in public estimation as it holds to-day. The 
evidence of this is to be found in the increased 
sale. Whatever sells well, you may depend 
upon it, does well. With regard to the 
members, I don't know, the secretary not 
having supplied me with numbers ; but as 
he and the Council have not announced any 
falling off, through what I saw must one 
day take place — the raising of subscriptions 
— I think the Council may congratulate them- 
selves on t-aking a step in the right direction. 
The energy of your secretary, I think, 
deserves well at the hands of your Institu- 
tion. With regard to the endowment, one is 
hardly in a position to make a remark about 
it at present, although I thought it was 
premature to bury treasure under any 
such notion as that of building, this is a 
distinct affair, the legacy, of Mr. Knight 
was, I think, left as a distinct endowment. 
In consequence of that, I think the wishes 
of those who in their will explain clearly 
what they desire, should be almost sacred. 
Therefore the expressed, wish of Mr. Knight 
should be adhered to in the hope that the 
fund may be increased, and his wishes 
realised. On the whole I congratulate you on 
the prosperous state of thing^. I under- 
stand our old friend, Mr. Crisp, has arrived 
at the age of rejuvenescence; he has written 
a paper on the compensation balance, I hope 
amongst other compensations he will get suffi- 
cient compensation for his paper. I observe 
and do know that every half-year becomes 
one of promise, because in all material items 
the half-year shows an increase. Institutions, 
like men, never stand still ; whatever ceases 
to advance commences to retrogade. What- 
ever may be the opportunity or prospects of 
the Institute, try to do something you have 
not done before. I have great pleasure iu 
moving the adoption of this Keport. 

Mr. Jackson nad great pleasure in second- 
ing this. He did not believe he could add 
anything to the remarks of their worthy 
vice-president, whom he was pleased to see 
among them after so long an absence. He 
hoped he would not be away so long again. 
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With r(»gard to the endowment fund, the 
chairman scorned to have some doubt as to 
the existence of the fund intact. It existed 
as it always had done, in the hands of 
trustees. He thought it necessary to say 
this for the satisfaction of those who were 
not aware of it. He trusted it would 
be the beginning of a fund which would be 
raised, either Tby bequest, or — what was 
better — donations, for the purpose. He was 
sure the interests of the Institute could be 
no better served than in this way. It lessened 
the labours of a secretary, whose labours 
were heavy, especially as that society having 
lost the novelty which it held, the secretary 
was deprived of that help wliich in former 
years was necessary. Some gentlemen op- 

Eosed endowments because they were abused, 
ut that was a remote anticipation in their 
history. They had not the immediate pros- 
pect of an endowment. It was gratifying 
also to find, though there had been some 
very heavy expenses connected with the 
exhibition of last year, a better balance had 
been obtained than had been the case for a 
long time. These expenses had been met by 
the distinguished liberality of the Baroness 
Burdett-Coutts, who had liberally assisted 
them. He was of opinion that they needed 
the co-operation of the members with their 
excellent secretary. Their greatest hope 
for lis future was in the persevering atten- 
tion of their secretary, to whom they were 
much indebted. 

Mr. BiCKLBY, in supporting the motion for 
the adoption of the Eeport, referred to the 
remarks of the president at the meeting for 
the distribution of prizes held at the Mansion 
House, which he said had astonished him. 
The president had spoken as though the 
Council had given exclusive attention to 
more finger work, the facing of pinions, and 
polishing of screws, in the distribution of 
pn20s. In the first place, he would say 
that the Council offered and gave no prizes 
for such work, though they were mentioned 
in the Report. Then the president had said 
prize essays were useless and ridiculed one 
of the last, perhaps not without cause. He, 
however, said nothing about the essay of 
Mr. Grossmann, which really the text book 
on lover escapements. They could not be 
always alike good. If these essays on iso- 
chronism were not as good as the first, 
that was no reason why he should have 
spoken as ho did of tlio ijrinciple. He (Mr. 
IJickloy) was very sorry the remarks should 
liavo been made. The Council had worked 
mdy and the result was an exhibition which, 
^uh small, had been favourably noticed 
^f$ press, and by the trade ; and he 



thought it was too bad of their president to tel 
the working men who had won prizes, thej 
were receiving them for that which was nol 
worth twopence. That meeting would have 
done them good, but people went away dis- 
gusted, because they found the Council and 
the president were not working together. 
He thought they had some little claim on 
their president, and when he came to a 
meeting like that, he should be careful not 
to say things which would load people to 
think they were not working harmoniously 
together. He felt himself exceedingly little 
on that occasion, and though he might not 
have the gift to speak on the subject as 
their president did, he felt quite as full of 
the subject as that gentleman could he. 
Passing from that, ho might say he felt 
satisfied of the prospects of the Institute, 
and the progress it made. They were out o! 
debt, and had something to the good, anc 
with steady application they might achieve 
the position he hoped the Institute woult 
one day occupy. 

Mr. Jones, in reference to the remarks oi 
the previous speaker, thought that gentle- 
man had put too serious a face upon tie 
matter. Their president had made some 
hard remarks, but when he came to consider 
what he had said and gave his own report 
of liis spoocli, it was much more temperate 
than that to wliich they had listened at the 
Mansion House. Many of his remarks on 
their work would have given no room for 
cavil. He, however, had an idea that thejhad 
gone in clock-making far enough, or as far 
as they could go under the old principlea, 
and it was necessary for perfection some new 
thought should bo brought forward in origi- 
nality of character and i)rinciple. He 
supposed it was in other words an applica- 
tion of that to their exhibition which caused 
him to spoak a little unwisely at the meeting 
in question. He supposed if he had con- 
sidered the matter he would have spoken 
more guardedly. That being tlie case, he 
thought there was little to find fault with. 
AVith reference to prize essays, Sir Edmund 
Beckett was evidently thinking of those he 
and other young men used to write at ftun- 
bridge, which their president evidently 
thought were not worth much, and with which 
it was not at all likely their essays would 
compare. (Laughter.) They should, then, 
forget any strokes they might have received 
under tho impression they were intended to 
lead them to the development of something 
now, either in cheapness of work or the 
development of new ideas. They should 
congratulate the president on the acquisi- 
tion of a position of honour. There was 
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nother point to which he should allude, 
yithout the supplementary income from 
innen they used to have they had a surplus 
Q hand, which was a matter for congratula- 
ion, as those dinners were to his mind a 
and of shearing time, although at the same 
ime they missed the social intercourse they 
ifforded. That Institute should be the 
means of bringing honour to those entitled 
to honour, and for this reason they should 
keep up its prestige. The Institute was fxil- 
filling a great purpose, and it must be kept 
iHtg, because education was so advancing 
tb&tboys would now appreciate, as they never 
bad appreciated before, the advantages the 
Institute had offered of acquiring a thorough 
knowledgo of the principles of Horology. 
In conclusion, he was pleased to know every- 
thing was going on well, and particularly 
pleaaed to see one who had done so much in 
that organisation as their chairman, present 
that evening. 

Mr. Glasgow was of opinion that if they 
were to work harmoniously together, they 
most not allow the valuable work of such men 
M Mr. Bickley to be slighted, even by their 
president, who had condemned what he had 
not seen. Mr. Jones had said the president's 
wish was to give them an idea. The idea 
was that of cheapening watches in competi- 
tion to an American watch company ; but if 
bethought the British Horological Institute 
existed merely for the pur^)ose of cheapening 
watches, ho would at once leave it lie 
thought their object was to make the watches 
in Clerkenwoll an example to others. There 
were plenty of persons ti-ying to cheapen 
watches. He did not see Avhy the labours 
)f a few men in connection with the Institute 
ihould be sneered at by their president, or 
ome one who might take his place. These 
lentlemen had hoped the Institute would be 
oabled, as the result of the meeting, to 
ocupy the position to which it was entitled, 
ut they were disappointed. If their "presi- 
ent Lad come to the Institute and argued 
16 question of American watches^ they 
ould be found ready with argument to 
18 war him. The suggestion that Mr. 
enison should bo invited to give them a 
cture on large clocks, came from him in 
Imiration of their president's undoubted 
lents, but he (Mr. Glasgow) felt that he 
lould have been wanting in his duty if he 
id refrained from making the remarks he 
ad made that evening. 
The CuAiAMAN then put the motion for the 
loption of the Keport and Balance Sheet, 
hich was carried unamiously. 
Mr. Jackson moved the re-election of the 
reddenty Sir Edmund Beckett, Bart., LL. D. , 



Q. C, F.E.A.S, Referring to the remarks 
of that gentleman at the Mansion House, 
he said he thought he should have ex- 
pressed his views to the committee privately, 
if he held a strong opinion contrary to their 
own as to anything they had done with a 
view to improve the trade. As a matter of 
respect to him, and the views which he be- 
lieved he conscientiously held on that occa- 
sion, however much they might differ from 
him, they might find in his remarks some- 
thing of good to them. He did not intend 
to justify all that gentleman's remarks, but 
they might learn something from them. 
They wore entitled to serious consideration, 
their president being willing to do his best 
to promote the interests of the Institute. 
lie had much pleasure in moving the re- 
election of that gentleman, 

Mr. EvAXS, in seconding, said he endorsed 
all that had been said by the previous 
speaker. 

Mr. Isaac, in supporting the motion, said 
he had been struck with the remarks of 
their president, on the occasion in question, 
but thought the suggestions were thrown 
out for their good, and as such should be 
carefully considered. 

The resolution having been carried. 

The re election of 0. J. Klaftenberger, 
E. D. Johnson, F.R.A.8., Jno. Jones, 
F.R.G.S., as the vice-presidents was then 
moved by Mr. Glasgow, seconded by Mr. 
Isaac, and carried. 

The Chairman expressed himself pleased 
that ho retained the confidence of the mem- 
bers. With reference to the remarks of their 
president, he would remind them that 
** Sweet are the uses of adversity." He 
had too large a capacity in connection with 
the scientific portion of their art not to be 
a good teacher. There could be no doubt 
they were too proud of fine, workman- 
ship, but they must remember the most 
excellent workmanship was but the embodi- 
ment of the principles brought out by a 
machine. In l)enison's gravity escapement, 
this was clearly shown. In that escape- 
ment they had a principle similar to that 
which was marked by the change from the 
vertical to the detached escapement, in what- 
ever form it might exist. The change only 
in the principle was such in its results that 
he held the worst detached escapement that 
was made wotdd be even a better time- 
keeper than the best vertical escapement 
ever produced. (No.) He begged to thank 
them for his re-election. 

Mr. Jones also returned thanks for the 
confidence reposed in him by his re-election 
to the post of vice-president, and expressed 
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his regret that he had been prevented bj the 
Btate of his health from doing the work he 
used to do in connection with the Institute, 
and referred briefly to the earnestness with 
which many of the earlier members had 
worked. 

On the motion of the chairman, Mr. Jack- 
son was re-elected treasurer, and in return- 
ing thanks said he felt the Institute would 
not suffer if some one were elected in his 
stead. He had been treasurer fouv or five 
times as long as his predecessor. 

Mr. Jackson moiled that the Council for 
the ensuing year do consist of the following 
gentlemen : — 

C. Bacon, 37, Gerrard-st., Islington. 
G. Barter, 41, Wilmington-sq., w.c. 

H. BiCKLEY, 33, Half- Moon Crescent, Barasbury. 

W. B. Crisp, 174, St. John-street-road. 

J. Evans, 89, Mount-street, Grosvenor-squarc. 

D. Glasgow, 20, Myddleton-square. 

J. J. Hall, F.M.S., i, Albion- villas. Grove-road, 

"Windsor. 
G. Hollister, 37, Davies-street, Berkeley-square. 
M. IMMISCH, 211, Regent-street, w. 
H. P. Isaac, 147, Liverpool-road, N. 
C. KiLLiCK, 154, Packington-street. 
V. KuLLBERG, 105, Liverpool-road. 
C. Lange, 99, Strand. 
J. A. Lund, Comhill. 
G. Mayer, 33, Charlotte-street, e. 
T. Mercer, 161, Goswell-road. 
G. Morton, 31, Hanover-street, N. 
T. Nelson, 3i,Halton-road, Canonbury. 
J. Penn, 31, Queen's-road, Peckham, s.E. 

E. S. Perrett, 23, Abingdon-street, s.w. 
G. Prickett, 5, Corporation-row. 

W. H. Prosser, 88, Bartholomew-road, n.w. 

W. G. SCHOOF, 9, Lower Ashby-strcet. 

A. Smythson, Iff, Harper-street, Red Lion-sq. W.C. 

R. Strachan, F.M.S., 11, Offord-road, Bamsbury. 

A. Thickbroom, 6, Spencer-street. 

A. P.Walsh, 5, George-st., Euston-road. 

T. J. Willis, 10, Rydon-crescent. 

Mr. BiOKLEY said, in reference to the 
nomination of the Council, he thought it a 
pity they should continue year after year 
to nominate on the Council persons who 
never came into that room. He thought 
the number also was too great. He was pro- 
ceeding, but was reminded by the chairman 
that to alter the number, a revision of the 
laws would be necessary. 

The Chaibhan having announced that 
Mr. Hall declined re-election, his name was 
withdrawn, and the list having been seconded 
by Mr. Jones, adopted. 

The re-election of Mr. James Pyott and 
Mr. C. H. Hawkins, as auditors, was moved 
by Mr. Isaac; that gentleman remarking 
at the same time that he had seen the same 
members elected several times, and he 
thought it would be advisible to ascertain 
the names of any other gentlemen who might 
be willing to fill the office. 



Mr. Jokes seconded, remarking that the 
suggestion of Mr. Isaac was a good one 
in principle, and might be acted upon 
another time. 

The resolution was carried. 

Mr. Jones moved a vote of thanks to the 
President (Sir Edmund Beckett), and *' that 
they congratulate him on the social position 
he had inherited." His advancement wonid 
prove their advancement also. 

Mr. Crisp seconded this, and it was car- 
ried nem, con. 

Mr, Glasgow begged to move a vote of 
thanks to the vice-presidents, without whose 
co-operation the labours of the memben 
would be of very little value. The chairman, 
as they knew, had done much, as had also 
Mr. Jones. Mr. Klaftenberger must alao 
be thanked for what he had done. He 
would be glad if the vice-presidents would 
always put in an appearance when they 
had a public meeting of the Institute. 

The resolution, having been duly seconded, 
was carried. 

On the motion of Mr. Mackintosh, seconded 
by the chairman, a vote of thaxiks to the 
Council was passed and acknowledged by-« 

Mr. BiCKLET, who said he had been much 
pleased to be present at the meetings of the 
Council. He thought if gentlemen came to 
those meetings, and made themselves inti- 
mately acquainted with the working of the 
Institute, they would advocate its cause with 
greater zeal outside. He hoped their efforts 
in the future might be as successful as those 
in the past ; and saw no reason to doubt 
that such would be the case. (Applause.) 

Mr. Jackson moved, and Mr. Isaac se- 
conded, a vote of thanks to the Auditort» 
which was carried imanimously. 

The Chaibscan, in acknowledging the 
compliment, thanked them for himself, and 
observed he was sorry to say most of the work 
fell upon Mr. Jones, whom he hoped wouU 
enjoy all the blessings of continued activity, 
and be able to thank them for many votes of 
thanks. 

A vote of thanks was accorded to the 
Secretary (Mr. Britten), on the motion of 
chairman, seconded by Mr. Jackson, who 
eulogised the manner in whidx Mr. Britten 
performed the duties of secretary, editor, and 
teacher of the classes. 

The services of the Press and the Chairman 
having been acknowledged, the proceedings 
terminated. 



The attention of members is dxiecied to an 
advertisement in this number, oonceminff * 
visit to the Eoyal Arsenal, Wodlwioh, iriiich nas 
been arranged for Tuesday, September lo^ 
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PRIZE ESSAY ON THE COMPENSATION BALANCE, 

AND ITS ADJUSTMENTS IN 0HE0N0METEE8 AND WATCHES. 

(THE BARONESS BURDETT COUTTS'S PRIZE,) 

By W. B. CEISP. 



INTEODUCTION. 



" Scire tuuin ^^^^^ est, nud te scire hoc sciat alter." 

also awarded to Mudge, 



Ik this Essay on the Oompensation Balance 
it is my intention to write in as plain a 
maimer as possible, avoiding all mathemati- 
cal problems, signs, and paradoxes, and to 
eodeayoor to write so that it may be under- 
itood, not only by the theoretical mathema- 
tician, but by the workman and practical 
medianic. I am well aware that it is a 
task — a highly scientific proposition to 
idfe— and also that it is a problem which 
baa engaged the attention, not only of the 
moat practical chronometer and watchmakers 
of this country, but watchmakers of France, 
Holland, Sweden, and the United States 
of America. It has also engaged the atten- 
ti(m of astronomers, mathematicians, and 
the greatest mechanicians of the age ; and 
- ncie particularly so during the last fifty 
jeaia. ' And yet in this balance of ordinary 
oonstmction there is an unconquerable error 
aziatiog in the middle temperature ; it 
appears so simple that many cannot conceive 
^bj we should not have a compensation 
balance perfect in itself, one answering 
'egularly and truly to all variations of tem- 
perature, be they high, low, or intermediate, 
tliat all chronometers are exposed to. 

It will be my duty in this Essay to describe 
the practical method of making the compen- 
sation balance, and also the mode of adjust- 
ing it, and to determine its error. 

It may be as well for me here to remark 
that nearly a century has passed since the 
Goyemment of this country offered a large 
reward for the construction of a time-piece 
which should, by its good performance, show 
the mean time at Greenwich, wherever it 
was taken, with sufficient accuracy to enable 
the longitude to be determined, within cer- 
tain limits. As is well known, Harrison 
gained the principal prize, but smaller 



amounts were 
Arnold, Eamshaw, and othersi for their 
successive improvements. The general form 
of movement, escapement, and balance in 
use at the present day is that invented and 
made by Eamshaw, of whom it will be my 
duty to speak more fully at the proper time 
and place. 

The great difficulty we have to contend 
with lies in the pendulum spring, and in 
the balance to which it has to be applied. 
The pendulum spring loses so much of its 
elastic force by heat, and, on the contrary, 
its elastic force is increased by cold, that a 
watch or chronometer with an uncompen- 
sated balance will lose in heat, and gain in 
cold, to a very large extent. Thus, then, 
this balance of ordinary construction is called 
a compensation balance, from its action in 
compensating for the effect of temperature, 
in altering the rate of going in the chrono- 
meter by the variations of the pendulum- 
spring. The balance acts in the following 
manner : — It is so made that, at the same 
time that the spring loses its strength or 
force by heat, its outer rim, with the weights 
borne upon it, is forced towards the centre 
of motion, this giving the spring less work 
to do, and compensating for the defect. For 
a long time this was thought to be sufficient, 
but close observation eventually showed that 
extremes of heat or cold would cause an 
otherwise well rated chronometer to lose 
lipon its rate. This is greatly due to the 
form of the balance, and, up to the present 
time, no balance has been made, running, 
as it were, perfectly in unison, and so exactly 
compensating for the variations of the pen- 
dulum spring, that we could say, '* This 
balance is so perfect in its construction that, 
as the spring elongates or loses its elastic 
force by heat, or, on the other hand, as the 
spring's elastic force is increased by cold, 
that this balance will compensate for all 
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degrees of temperature, be thej high, low, 
or intermediate." 

It will be unnecessaiy for me to describe 
any of the balances in use before the time, of 
Arnold and Eamshaw. The latter must be 
looked upon with great respect, and every 
chronometer maker must feel that his genius 
has never been surpassed, because of this 
great fact : — His escapements and balances 
are in use to the present day, and they are 
made in the same manner as he made them. 
Many ingenious workmen have toiled in 
vain to improve the escapement, but time 
has shown how soon they laboured to no 
purpose, and all returned to the grand 
principles laid down by Eamshaw, whose 
escapements are so perfect that they now 
stand, as it were, masterpieces of the past, 
and models for the future. Arnold, on the 
contrary, abandoned both his escapements 
and balances, manufacturing chronometers 
on Eanishaw's principle during the lifetime 
of this inventor. Arnold not only felt con- 
vinced of the superiority of the construction 
of those balances and escapements, but 
made them, and applied them to his chrono- 
meters, which at that time were telling their 
own tales. His escapements were cutting, 
and failing in every direction ; his balances 
were so soft, and so easily bent, it was 
almost impossible to clean them without 
putting them out of figure, so much so as 
to seriously alter the rates of his chrono- 
meters, and they are now spoken of as a 
relic of the past. But Arnold was superior 
to Eamshaw in the making of his pendulum 
springs, and was also the first to harden 
and temper them, and to make them of a 
cylindrical or helical shape, obtaining his 
isochronism by length and angles of inflec- 
tion. He also made springs with one end 
of the block i^iralled down for the first turn 
of the spring, which was fixed in a movable 
fitud to meet the curve of the spring, which 
was fastened by two screws. Eamshaw was 
at that time obtaining his isochronism by 
tapering his spring wire, making it increase 
in thickness to the outer end, in such pro- 
portions as to cause the balance — when 
thrown to a greater extent of aro^of vibra- 



tion, that it should return the quicker ; but, 
to his sorrow and disappointment, his chro- 
nometers were constantly losing on their 
rates. To overcome this difficulty, he left 
them fast in the short arcs of vibration, 
thus, then, showing Arnold was the better 
educated and a more scientific man thai 
EamshaAV. But, on the other hand, Earn- 
shaw's workmanlike and mechanical genius 
was greatly superior to Arnold's. 

Having concluded the introduction to tUi 
Essay — the subject is one in which I tab 
the deepest interest, and I am well aware 
how difficult is the task I have undertaken,— 
I now design to seek that which is good and 
truQ, and that alone. 



^^>^»^>^S^>^l^»»»^^ 



CHAPTER I. 



On the Practical Details for Making Compfi- 
saiion Balances, with a Discussion of At 
Metah to he preferentially employed, ani tf 
their proper proportions, 

Eabxshaw's Chronometer Balance, or Com* 
pensation Balance, in use to the present 
day, and known as the balance of ordinaij 
construction, is made in the followisg 
manner : — 

A piece of the best cast steel is selectei ^ 
suitable for the purpose, a hole is drilled 
through it and brooched out to its proper 
size, perfectly straight, a circle is struck ott 
the piece of steel, which is filed or rounded 
to this circle ; the size and thickness being 
determined upon according to the size the 
balance that is to be made. It is th^ 
set up in a lathe, and turned perfectly flat 
on both sides, and true on the edge. This 
being done, it is removed from the lathe, pat 
on to an arbor placed in the turn benches, 
and caught or tipped perfectly true by kanl 
to its exact size, ^ the size cannot be altered 
when it is fluxed over with brass ; the holo 
is then filled up with black-lead, to preeerro 
it, and to prevent the brass running into it 
(in which case the centre would be lost) ; it 
is then put into a crucible with as much of 
the best brass as will cover it, the crucibto 
being placed witliin a small fumaoe or stot* 
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ftde fi>r tlie purpose, and the melting pro- 
M commenoae. Tbe operator watches the 
ragresB (^ the meltmgr o^ ^^ ^'''^ ""^^ 
iMt care; experionoe ia required in this 
moess, as well as all ttirough the manipu- 
alion of the balanoe. When the biass has 
nifficieiitly run or fluxed over the steel, it is 
mnOTed from the furnace, and allowed to 
tool gradually. This operation having been 
fimthed to the satisfaction of the workman, 
tka luperfluous brass is filed off, and the edge, 
tJuoh is now thick with brass, is well and 
wofally hammered until it assumes a 
legtee of hardness. This hammering will 
MOD prove if the melting has been well and 
properly done. It is now again removed to 
the Uthe, and set up perfectly true and flat, 
nd turned out to its required depth and 
thickness. It is then taken firom the lathe, 
ud the arm ia now filed or crossed out to its 
proper shape and figure. Great care is re- 
quired in filing or crossing out the balance, 
Hut the files do not slip en to the turned 
edge of the rim. Judgment is now required 
m the part of the workman in obtaining 
udvorking np the balance to its proper 
proportions, which experience has deter- 
luned to be thus: — one-third of steel to 
hro-thirds of brass. So that, if the rim of 
tke balance under construction is to be three- 
^Bsdredths parte of an inch in thickness, its 
pioper proportions should be two- hundredths 
puti of brass to one-hundredth part ol' 
■teal; whatever thickneas the rim of the 
Woes is to be made, this is an univeTssI 
nie, carried out ia the making of the com- 
pouation balance for the smallest watch up 
to Qie ordinary two-day chronometer. It i^^ 
■ knoim foct that both braes and steel es ■ 
Pud in heat and contract in cold, the ratio 
ot Uie braes being 3 as nearly as possible to 
i of Bteel, or, as 3 are to 3. The brass has 
t Uaitauij with every change of t«mperature 
to more one way, the sleel has also a ten- 
dea^ to move the same way, but not so 
l^y ; but the force of the brass bendi 
lie iteel with it. Thus, then, the two metal 
*«t pleasantly and uniformly together. In 
lUking balances, great core must be taken 
tttt th«y get no bruises or bondings, for if 



I hey get a bruise on one side more than the 
other, so as to indent the rim— that part will 
be less affected by heat or cold than the 
other portions of the balance. A method of 
rubbing the brass with heavy burnishers 
M'hilst the balance is in rapid motion upon 
the lathe has been suggested by some, but 
it appears almost impracticable that the 
pores of the balance can be so well filled in, 
or that a sufficient degree of hardness can 
be imparted to the balance by this means, 
and the hammering process ia bo well man- 
aged that very rarely an indentation occurs 
upon the steel. Two screw holes are now 
drilled, one on each side of the arm, directly 
opposite each other, to which are affixed the 
mean-time screws. The balance maker now 
eees that it is all well filed and squared np 
quite true, and that it is free from flaws or 
sandmarks; and the rim of the balance 
may now be said to be ready for polishing. 
It is again set up in the lathe, and it receives 
!i beautiful polish, which ia usually done with" 
the finest emery, and polishers of steel and 
ivoiy, the latter imparting to it a very square 
and clean appearance. The rim of the 
balance may now be supposed finished ; it is 
taken fi-om the lathe, carefully cleaned, and 
ready to receive its weights and mean-time 
screws. The weights of the compensation 
balance are made in the following manner : 
A. piece of the best braas, well hammered, 
and sufficiently large in circumference, is set 
up in the lathe ; a ring is turned in it so as 
to fit the rim of the balunce ; this piece is 
then divided by a wheel cutting engine into 
twelve or fourteen parts. Then you will 
have six or seven pairs of pieces of equal 
size and weight, which are either turned or 
filed into the required shape. A well-made 
screw is fitted with countersunk head into 
each of the weights, which fixes it to the 
rim of the balance. The mean-time screws 
are also now fitted. The weights of the 
balance when fixed at equal distances will 
produce a balance in the full sense of the 
term, equal in all its parts. As the weights 
on the rim of the balance require shifting 
for the purpose of adjustuii'nt for compensa- 
tion, a good deal of attention is required in 
the fitting of tho blot in iho weight to the 
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rim of the balance, without bending or 
twisting it. The circular, clean appearance 
of the weights when finished, giyes to the 
balance a very handsome appearance, and 
it is a piece of work when well made that 
does the workman great credit. 

The compensation balances for watches 
and pocket chronometers are made precisely 
in the same manner, as described. The size 
of balance being determined upon by the 
size of the steel before melting or fluxing 
oyer with brass. After the rim has been 
made to its proper size, four holes are drilled, 
one at each end of the arm, and the other 
two exactly at equal distances from the 
centre of the arm, and standing as it were 
in two straight lines. These are turned 
quarter screws, which are never altered for 
the purpose of compensating, but are used 
for timeing in different positions, or in bring- 
ing the balance imder the perfect control of 
the pendulum spring. A series of holes are 
drilled at equal distances from each other, 
being all properly divided by a small dividing 
plate, and fitted (generally) with six or eight 
screws on each side of the rim. The proper 
weight of the balance is made up by the 
number of screws applied, which should all 
be well and exactly made, so that each screw 
shall fit nicelj in any of the holes tapped in 
the rim of the balance, so that the screws 
may be removed from one hole to another as 
may be required for the purpose of adjust- 
ment for compensation. Often great trouble 
and annoyance are given to the practical 
adjuster by having balances to work upon 
with screws fitting only in the holes as 
they are placed by the balance - maker. 
In all balances made for adjustment, it 
is a very important point for the maker's 
attention to see that each screw shall fit 
well and properly in any hole of the 
rim of the balance what may be determined 
upon for the final adjustment of the balance 
in compensation. In no part of the trade 
is there more trickery than in this highly- 
flaunted word — compensation balance. The 
adjusting of it being understood only by a 
few watchmakers ; and I here boldly assert, 
not one watch out of one hundred sold to 



the public as compensation balance watches 
are adjusted at all. The enormous quan 
tity of Swiss watches with which ow 
home and foifdign markets are glutted, haye 
mock or imitation compensation balances 
very badly made, and not cut open or through 
the laminae. These balances certainly, as 
far as time-keeping properties are concerned, 
are useless, and are simply imitations ,of a 
good compensation balance. 

There can be no doubt that balances com- 
posed of brass and steel, made with properly 
proportioned lamince, have answered so well, 
that a recommendation of other metals miut 
be received with great caution. Compeniia- 
tion balances have been made of silver and 
platinum ; these balances were of large size, 
and being very soft, they were cut open in 
the centre : I much question if they wonld 
retain their figure if cut open at the ends, 
close to the arm, from the degree of softness 
they possessed. From this cause the metals 
are not so suitable as brass and sted, 
which, when used in proper proportions, the 
balances so made maintain a degree of troth 
and firmness not to be surpassed by the use 
of other metals. And from experience we 
find a well-made balance will compensate for 
the variations of tiie pendulum spring, tm 
the smallest size watch up to the largesi 
chronometer balance, retaining its shape anl 
figure and acting easily and comfortably in 
a temperature of 30°, with an error, which 
will form the subject of another chapUr; 
and when we see the wonders the oidi* 
nary compensation balance has done, is 
reducing from minutes to seconds the errors 
uncompensated or unadjusted watches are 
liable to, one may exclaim — ** How much 
nearer perfection can we arrive ?" 



CHAPTER II. 



A Description of the Practical Operations »/ 
Compensating Watches and Chronometm Jjf 
the Balance. 
In the first place, before commencing the 
adjustment of chronometers or watches, it 
will be necessary for me to impress upon the 
operator the necessity of having a good 
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)galator, with the pendulum so adjusted 
lat he knows the error or rate of his clock, 
n sometimes clocks seem suddenly affected 
nd will err occasionallj, but a well-made 
lock, with a mercurial pendulum, a chrono- 
neter maker looks upon as absolutely neces- 
saiy for this purpose. Also a good oven 
or heat chamber, so constructed that the 
temperature will remain stationary at the 
point of the thermometer determined upon 
for the purpose of adjustment. Another 
important requisite is an ice-box, which are 
80 made that a temperature of 40° or 50° 
may be also obtained stationary for two 
or three days together, at a small expense 
for ice. 

We will suppose aU these things in good 
Older, and the practical operations of adjust- 
ing chronometers and watches for their 
nrora in compensation are carried out in 
the following manner; — 1st. Having ex- 
mined in every part his chronometer or 
witch, and freed it from all mechanical 
defects, and seen that it is well sprung and 
goiiig steadily to mean time, it is compared 
vith the dock, and its errors noted in a 
hook kept for that purpose. The chrono- 
meter or watch is placed in the oven for 
twelve hours, at a temperature, say of 85° ; 
It the end of this time it is again compared 
with the dock, and found to have lost six 
Meonds. It is now removed to the ice-box, 
ttd allowed to remain there twelve hours ; 
^ on comparison at the end of this time, 
he finds his watch to be, say mean time. 
•"Us shows the piece has gained six seconds 
^ cold, and lost six seconds in heat in 
*ich twelve hours of trial, which error 
Wng multiplied will give the error the 
piece is out in compensation — twenty-four 
•®conds per day. Before making any al- 
^tion, it is always advisable to repeat 
^ trials, to see if they corroborate, or 
*^ly so. If they do not, something is 
^ng in the piece under trial, and the 
^'Perator may be altering for compensation 
^defect in the mechanism not to be corrected 
V the balance. But as I am writing on the 
hthnce — and it is my duty to confine my 
^^marks as described by the conditions of 



this essay — it will be necessary for me to 
consider the watches or chronometers under 
trial for compensation as perfect as good 
examination can make them ; that the 
springing and isochronism are correct, and 
that the escapement is properly set or 
adjusted to the balance itself. 

The experienced timer must be sure all 
this work has been attended to, otherwise 
(as before stated) many faults will creep 
in, which, I fear, is too often the case, are 
put down to the balance, which it cannot, 
nor is it, its place to correct. The error of 
the piece under trial is found to be twenty- 
four seconds per day ; the alteration for this 
amount is made in the following manner : — 
The weights on the rim of the balance are 
shifted to a position more forward on the 
rim. The balance will be seen by the 
drawing to be cut open at a short distance 
from the side of the arm ; the compensation 
not being sufficient, the weights must be 
shifted towards the ends of the rim, so as to 
be more altered in place when the curvature 
of the rim of the balance is changed by an 
alteration of temperature. For an alteration 
of twenty-four seconds per day, the weights 
must be shifted forward about one-tenth 
part of an inch, and again tried, until the 
watch or chronometer performs the same at 
50° and 85° of temperature, or at whatever 
two points of the thermometer the chrono- 
meter maker fixes upon. 

Example No. 2. — I have, a chronometer 
under trial, and find it to be gaining in heat 
and losing in cold eighteen seconds per day. 
We now see that the compensation is too 
g^at. This is corrected by shiiUng the 
weights backward, or nearer their attach- 
ment, so tbat they may be more influenced 
by the alteration of the curvature of the 
rim, and, for an alteration of eighteen 
seconds per day, the weights must be shifted 
back to the distance of seven-hundredths 
part of an inch, and so on until the piece 
under trial performs the same at 50" and 
80°, or, as before stated, at whatever two 
points of the thermometer may be decided 
upon by the person adjusting it. If fifty 
examples are given it will be useless, as the 
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eame law must be carried out, according to 
the variations of the watches or chrono- 
lueters andci' trial. 

Example No. 3.— Balance No. 2* is a 
talance with, screws ; the principle of both 
is the same, and the only difference is this — 
that the necesaarj- weight is given in No. 1 
'by a single piece w on each arm of the 
l>alaiice, whilst in No. 2 it is distributed 
among tho screws which are Inserted into 
the rim of the balance. So much now 
depending upon tho size of balances with 
BcrewH, no rule can be given as to the 
number of screws to be shifted forward 
should tho watches bo losing in heat and 
gaining in cold. The number must always 
bo determined upon by the skilled timer, 
who, in some cases, may have to add screws 
of a heavier metal, such as platinum, to 
obtain a proper compensation. 

The Flate Licence Qnestion. 

At tho usual (juiirtorly meeting of the 
Leeds and District Watchmakers' and Jew- 
ellers' Association, held on Tuesday, July 
21st, the following resolutions in reference 
to tho plate licence were unanimously 
passed: — 1st, That, in the opinion of this 
meeting, the Flate Licence Act is unjust and 
oppressive, inasmuch as it does not give 
sufiicient protection to licensed dealers 
against defaulters. 2Dd. That this meeting 
is of opinion the Plate Licensing Act should 
be so altered so as to necessitate the licensing 
of any person dealing in jewellery, whether 
it be gold, silver, plated, or gilt, irrespective 
of quality or quantity. 3rd. That the fore- 
going resolution, together with a petition 
signed OS numerously as possible by Ocensed 
dealers and jewellers, bo forwarded to the 
House of Commons, and that jewellers in 
other towns bo respectfully requested to 
take similar action in the matter. Petitions 
are being numerously signed at Leeds, 
Bradford, and other towns in the West 
Eiding of Yorkshire. — [We are requested 
to stale that Mr. M. Tonenberg, the honorary 
sooretaty, of 5, Dodsworth Court, Briggato, 
Leede, will be happy to communicate with 
any person willing to aid in achieving the 
objects of the association. J 

* The author gives drawings of this and 
various other balances, which will be reproduced 
with a Hubsoqnent chapter to which they more 
imiued lately refer. 
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A Btidimentary Trmtite on Cloeh and 
and JSelU, by Sir Eduuttd E 
Bart. {Ial9 E. B. Dmi'ion), 
Q.O., F.R.A.8., Preiident of the 

IToroloffieal Imtitaie. Sixth fdi'tioH. 

Lockicood nnd Co, 

The reprinting of the sixth editior 
standard work, in smaller type, to a 
the author tells us, increasing the i 
cost of the book, does not appear 
been eniirel;/ successful, for, althoi 
book is unquestionably diminished 
its cost is greater by more than one 
However, no one will object to tl 
now charged for the only modem tre 
docktaaking, which is, moreover, of 
worth, as tho exhaustion of five 
sufiiciently testifies. The present i 
much nicer arrangement of the i 
sections than the fifth edition. '\ 
torical matter is arranged with din 
tion, and has been brought down k 
date. The chapter on bells, which I: 
enlarged, is a most important sectioi 
book, and contains abundant evident 
inventive power of the distinguished 
Many additions and some excisio 
been made, generally with advantag 
must, however, take exception to i 
elusion to which the author leads thi 
at page 278. If the author think 
consequence tliat his watch "goej 
faster at one time of tho day than ai 
no one can fairly object ; but the fa 
holding that opinion, together w 
having "seen watches with taper©* 
springs in which you could not perw 
difference in the force by the usud 
apparatus of a weighted lever," is c 
not sufficient to justify his brand 
fusee (which is really a distinctive fe 
tho best English work) as "superfluo 
"mischievous" in watches. Wo are t 
anxious to protest against this unwa 
deduction on account of tho weigh 
is likely to bo attached by the pub! 
assertion of such an unrivalled a 
upon all matters connected with largt 
aa Sir Edmund Beckett, and also 
count of the general excellence of ll; 
which would be is an acquisition t 
young mechanic. The section on tJ 
of wheels is particularly clear and gc 
the original thought and sound mei 
ideas pervading those jwrtions dei 
clocks and bells well sustain tho woi 
reputation of the designer of the 
mmstor clock. 



1874.] 



THE HOROLOGICAL JOITRNAL. 



13 



WHEELS AND PINIONS: THEIR SHAPE AND DIAMETER. 

By EICHAED LANGE, 

GlasshutUf ScLXony. 
[Much to our regret, this Paper has been delayed in transit for several months.] 



[h some numbers of your esteemed journal, 
IS well as in Beid, I found the proportions 
lor the diameters of the pinions to that of 
the wheels which are to pitch into them. 

I was surprised somewhat to find in these 
itatements that the proportions differed as 
the wheels and pinions to be employed and 
deetbed for pocket-watches or clocks in- 
OMBod or diminished in size ; in a scienti6c 
point of view, no theoretical or practical 
iWMHi was given to explain this. 

la respect to theory it is quite clear that 
the proportions of the primitive diameter or 
viten-circle of each pinion to the primitive 
diameter of wheel is as the proportion of the 
somber of pinion leaves to same number of 
the wheel teeth. 

For instance, should the number of pinion- 
leBTesbe 10, and the wheel-teeth=80, then 
Ae proportion will be as 1 : 8 ; hence, if the 
primitive diameter of wheel be 8""° , this of 
pinion must be 1"". 

We mean by the primitive or pitch 
diameter of wheel or ninion, the true or full 
diameter, diminished by the rounding of the 
tooth-curve. 

^ It is evident there is no difficulty in find- 
ing this; every scientific work since Huygens 
lu explain it. 

It would be easy : 

lit To find the mutual proportion if the 
distance from the centre of the wheel to the 
Mntre of pinion is given. Eotuming to the 
famer example, where the wheel has 80 
ttetli and the pinion 10, but let the distance 
Aom centre or wheel to centre of pinion in 
ttia case be 9"°* ; then the diameter of wheel 
^old be 16"^, and the diameter of pinion 

Snd. In the same way, it would be an easy 
vtAtter to calculate from a wheel with 80 
teeth and 16""- diameter, the primitive 
ditmeter for a pinion with 10 leaves, be- 
fioae, as 10 (the number of pinion-leaves) 
ii to 80 (the number of wheel-teeth) as 1 : 8, 
^ we have to make the primitive diameter 
of pinion 8 times smaller than the diameter 
<tf wheel in question. 

Only one difficulty arises — that is, to 
flieasure the primitive diameter of the wheel, 
Ji order to find the primitive diameter for a 
corresponding pinion. 

It would be possible to do this by a 



finished wheel, where the curves of the teeth 
are made. This measurement can be done 
with tolerable accuracy, because it is pretty 
easy to be seen where the rounding of the 
teeth begins, it is only to measure as much 
less, as this rounding amounts to, and if 
there occurs a small fault, it would hardly 
be of any importance to the pinion, because 
this fault is divided in the same ratio as the 
pinion has less teeth than the wheel, or what 
is synonymous, in the same proportion as 
the pinion is smaller in diameter than the 
wheel. Did we measure, for instance, the 
wheel 0*1 too small, so the fault would 
be in proportion by a ten-times smaller 
pinion, only 0*01. 

Having found in this way the primitive 
diameter of wheel, we have only to make the 
primitive diameter of pinion as much smaller 
as the number of leaves in pinion is less 
than the teeth of wheel. (After having 
found thus the primitive diameter of the 
pinion, then the lull diameter is to be deter- 
mined.) It is somewhat complicated to find 
the full diameter of pinion, wnen the primi- 
tive is given. If the primitive diameter of 
the pinion is fixed, which is very easily 
found by the above illustrated manner of 
calculation, then there is to add the amount 
of the teeth curve. If this rounding were 
uniform for all pinions, for instance 0*1, then 
the calculation would again be very easy, 
we only would have to add 01 to the acting 
or primitive diameter, to make the full dia- 
meter. But this is not the case, the quantity 
to add, the addenda as it is called, is in a 
very different proportion in a pinion of 6 
leaves, than in a pinion of 20 leaves, because 
this addition is not in proportion to the dia- 
meter, but to the thickness of the leaves of 
the respective pinions. 

In the following calculations and tables 
the respective proportion of the fuU diameter 
to the primitive, and vice versa, is to be found. 

Calculation, arrangement, and use of the 
pinion-tables. ^OuT pinion- tables are calcu- 
lated after drawings, which originated in a 
rather graphical way, giving the wheel- 
teeth an epicycloidical, and Uie respective 
leaves of pinion a correct hypocloidical 
form. 

1. To draw them correctly, my father 
employed for the diameter of the generating 
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circle, a disc which was half the pitch 
diameter of the pinion ; this disc was 'll ™ 
in diameter, and the point of a email lead- 
pencil was fastened precisely on ita circum- 
lerence. 

2. He took a braes arc, representing a 
section of a wheel, about 824 ™ in diameter, 
on whose ends there were two small pins, to 
fasten it on the paper. 

3. For the pitch-circle (orprimitiveeircle) 
of the pinion my father employed a metallic 
ring, whoBB interior was 54 "", the same 
diameter as the pitch-circle. 

4. The disc as well as the outside of the 
brasB-ani and the inside of the ring were 
made rough (like infinitely fine teeth), to 

Srevent sliding when the disc was rolled on 
learc. 

By the aid of these instruments the epicy- 
cloid and hypocycloid were produced. 

EpieyehxA on the tthetl. — The epicycloidal 
curve of the teeth on the wheel ie produced 
by rolling the disc of 27 ™ diam. (which 
represents the generating circle) on the out- 
side of the brass-arc, which represents the 
pitch circle of wheel. 




Il'jpBojcloid oil tfie piiimi. — The pitch 
■ — or primili re— diameter of pinion, repre- 
sented by a brass-ring twice as large as the 
generating circle of 27'°' will be=27 X 2 
=54™. 

In ruhng off this same generating circle of 
27 ™ used for the wheel, on the interior of 
the ring which represents the pitch-circle of 
pinion (commencing in any point of the cir- 
cumference), the hypocycloids for the pinion 
leaves is found ; it becomes in this case, a 
straight, radial line. 




The pinion ami wheel-teeth, produced in 
Buch a simple mechanical way, answers 



exactly to the strictest mathematical con- 
struction and calculation, as everymathema- 
ticiau will acknowledge. 

By the aid of machines, invented by my 
father, the teeth of the wheeb, as well as 
the leaves of the pinions employed in our 
watches, have been made upon this correct 
theoretical form and proportioiu. 



ietttrs k t|{ ®Jrit0r. 



To (he Editor o/Tbx Horological Joubiul 
SiB) — Can yon find room iu your jounil 

for a few remarks upon Mr. Bava^'s gold 

pin escapement, in connection with Mr. 

Sohoof 'b paper read at the Inetitnte on dts 

17th June ? 
By the members of the watch trade llu 

fact is acknowledged that to the laboun of 

Mr. Q-. Savage they are indebted for the im- 

SroTement of the escapement. Heitwaswho 
iscovered its inherent worth, and, by the dis- 
cernment of its best adapted proportion, and 
by skilful manipulation, so improved an almost 
useless piece of mechanism as to produce an 
escapement, the valueof whichcanscarcely be 
overrated. Is it reasonable to suppose that 
such a genius would be likely, after con- 
tinual experience, to introduce to the trade 
an escapement embodying new principles— 
ono inferior to his earlier productionH— and 
allege it to be superior? The probability of 
his doing so cannot he admitted, since in 
bis day the prejudice against the ienx 
escapement ran so high, that he did not 
scruple, at times, to offer to forego sll 
pecuniary claim, if, upon trial, bu escape- 
ment failed to give satisfaction, such wai 
his confidence in his own productions. It 
cannot, however, be doubted that some indi- 
viduals of Mr. Schoof's audience must hare 
received the impression, through his remarks 
that Mr. Savage bad failed to surpass Im 
single-pin escapement, and that his geld- 
pin escapement proved but a sorry ^Qui. 
For myself, I am almost tempted to belien 
that Mr. Scboof never had under his exami- 
nation a correct gold-pin escapement : if h« 
has he scarcely could have failetl of observing 
the matured ingenuity that must have heea 
exercised in its design. But he does seW 
to have failed to observe this, and the lirt 
can only be attributed to his not having 
bestowed that scrutiny upon the escapennnt 
ita Torth demands, and which might hxn 
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leeted ^m one of his acute percep- 
lechanics. 

mt a thought upon what Mr. Savage 
. to do when he deei^ed his gold 
-pin escapement, I will endeayour 
in what he has done, in the hope of 
^ the vague notions that are evi- 
nctant concerning it. Its general 
3g well known, I shall not be precise 
taol; yet there are particulars that 
especial notice. The chord being 
into three parts gives the proportion 
the lever and roller, die larger 
for the lever ; this, with a pallet of 
» an escaping arc of 30"^. The gold 
le lever is very fine, the square notch 
be edge of the roller narrow. ' The 
ig pins are placed near the edge of 
ir, and less than 30^ apart, so that, 
le escaping arc is completed, Uie 
f the lever fork will scarcely have 
the line of centres ; it is, however, 
up to that line by the draw of the 
rhe opening of the fork is continued 
ich side of the impulse pin, to make 
r the passage of the unlocking pins, 
^agement in the fork being very 
Che engagement of the impulse pin 
9 roller is two-thirds its diameter, 
fork is opened sufficiently wide to 
e pin to enter the roller-notch freely. 
lan necessary freedom Mr. Savage 
1 a great defect ; he therefore made 
!nt to leave this nice adjustment to 
)leted by the polishing of the fork, 
mes of the pallets are as long as 
The engagement between the 
nd pallets is very light; the draw 
e pallets light ako, so light that a 
rith the teeth sloped rather more 
ose in present use is preferable, 
to insure a safe locking ; with this 
of action perfection of the wheel 
an absolute necessity. The action 
scapement is the perfection of light- 
I velocity. The unlocking is efiPected 
o line of centres by a smart, quick 
id is neither retarded by a sluggish, 
draw upon the fork, nor checked by 
26 of dead friction upon the pallets, 
ss of action is further promoted by 
ulse-pin remaining in action through 
itest part of tlie escaping arc, leaving 
le supplementary arc to be effected 
ns of the unlocking pin. At the 
. of unlocking, the impulse-pin seems 
ito the notch, the drop being scarcely 
ble. Velocity is further augmented 
adoption of a proportionably large 
nd short lever, and, by the latter 
power is economised thus:— When 



the scape- wheel acts immediately upon the 
roller, as in the detached eacapement, its 
force is more efiPectual than when trans- 
mitted to the roller through a lever, as 
leverage then diminishes the wheel 'force; 
it follows that, as the lever varies in length, 
so will the effective force of the wheel vary, 
being greatest when the lever is shortest. 

I once had in my possession an escape- 
ment, made either by Mr. Q. Savage or his 
brother, and the above are my observations 
upon it. 

Mr. Schoof will perceive how entirely he 
has misunderstood its principles, and that 
« rebutting," and the other faults he has 
pronounced to be detrimental to its good 
performance, have no place in it, and are 
but the creation of his own imagination. 
Mr. Schoof, it will be observed, remained 
silent upon two important features: the 
angle of the pallets, and the amount of their 
engagement with ihe wheel; so I think it 
probable, from his explanation of the fork 
action, that the escapement he had in view 
must have been constructed after the mode 
of the single-pin escapement, the fork action 
excepted, for the deeper eneagemont of the 
wheel with the pallet and tne general pro- 
portions, though in themselves good, are 
unsuitable for the three-pin escapement, as 
they would certainly produce the defects 
with which he has invested it. 

Mr. Schoof, if he is open to conviction, 
will also perceive that the attempted im- 

Erovements to which he has alluded were 
ut the tampering with sound principles, 
and not undertaken because Mr. Savage 
failed tb accomplish " that at which he 
aimed," but because the making his escape- 
ment was undertaken by workmen un- 
acquainted with its merits ; hence results 
became unsatisfactory, and are now ascribed 
to Mr. Savage's supposed incompetency 
rather than to the workman's meddling. 

That Mr. Schoof 's escapement. Fig. I, is 
superior to his imaginary three-pin escape- 
ment is true, and that it is inferior to Mr. 
Savage's escapement is true also. 

K STORER. 
July 25th, 1874. 



Sir, — ^We noliced some remarks by Mr. 
Schoof on the thickening of oil in watches, 
that bad been in cases made of cedar, and 
can quite endorse what Mr. S. says, having 
experienced the same thing ourselves. 
Having no mahogany here, all our show 
cases have to be made of cedar. We had a 
new case, and after having it in the shop 
for some little timci we put in it some silver 
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cups, and were very much annoyed at seeing 
them turn almost black in a few days, and 
the tarnish was so thick and quite sticky, 
showing very clearly that the wood must 
contain a large percentage of a resinous gum. 
We have since had some cases made, and 
allowed them to get thoroughly dry before 
using, and then it does not seem to have 
much effect, leaving the lids, &c., open. 

We have also had the same thin^ occur in 
an eight-day English dial, which nad been 
fitted into an ornamental case, made in 
Sydney of cedar ; the clock stopped in less 
than a month, the oil being as thick as tar. 
We are, yours, &c., 

F. ALLEEDING & SON. 

Sydney, New South Wales. 



Sir, — I have perused the letter of Mr. 
Hebbell, and am not surprised that the 
Astronomer Boyal does not enter into the 
question, for a very simple reason. Professor 
Airy is a v^ry sound mechanic. 

The sympathy between vibrating pendu- 
lums, has been largely over estimated. 

The mutual " gravity force " of such 
small masses as the bobs of pendulums is 
far too small to cause such effects as has 
sometimes been attributed to it. 

I never yet met with a case of the sort 
described by Mr. Eebbell, that upon investi- 
gation did not turn out to be one surrounded 
by causes purely mechanical, sufficient to 
produce the effects without any necessity for 
travelling beyond the visible into the region 
of the invisible for an explanation. 

These causes are two in number, firstly — 
insufficient stability of the support of the 
clock; and secondly — the surging of the 
atmosphere in which the pendulums swung. 

The first, although the vibration of the 
point of suspension caused by such instabi- 
lity may be small, the effect is cumulative on 
any other body swinging in its neighbour- 
hood, and that in proportion to the degree 
of synchronism between the two. This has 
never failed to disappear upon making the 
suspensions immovable. The effect, however, 
is at its minimum when the planes of vibra- 
tion make a slight angle. 

The other cause applies mainly to bodies 
swinging in confined spaces, but in this, as 
in the former case, the effect becomes more 
and more apparent as the times of vibration 
approach coincidence, or some well defined 
difference, such as the half or the quarter 
of either. 

In the case named by Mr. Ribble, I should 
suppose neither of the points of suspension 
as steady as they should be. 



No amount of apparent stability in a 
pedestal that I have ever seen will prevoDt 
vibration at the point of support of an 
ordinary seconds mercurial pendulum, and 
I have no doubt that if sound mechanical 
means are taken to insure perfect fixidity of 
the centre of suspension of the astronomical 
clock| the effect noticed will disappear. 

Yours, &o., 

E. D. JOHNSON, V.P. 

9, Wilmington Square. 

In answer to "P. J?.," the tnode ofproeedm 
for polishing icheels depends upon whether thetf 
are SQlid, like the main and centre wheels, «r 
pierced as the third, fourth, and pallet ufkeek 
Taking a centre wheel first, lay it flat.up<m§ 
piece of cork screwed in the vi^e, and rub it vOk 
a piece of Uuestone, snakestone, or water Afr- 
stone {which must have been rubbed square mi 
flat upon an even stone or board with smd\, 
keeping it fnoistened with water, guarding im 
pinion with the finger and thumb ; leep ik$ 
stone fat on the wheel, and do not rub too hug 
in one place. This done, screw a ferule on ik$ 
back arbor, put it in a small pair of turns wUk 
a huir bow on the ferule, and with a broken M 
of Uuestone and oil rub the wheel till aU He 
scratches are out, pulling the hair bow up md 
down with the left hand. For the next step, 
use for a polisher a bit of cedar vsood, moistem 
with the oil thai has become thickened bgth 
stoning process, until the wheel looks somewbd 
bright and free from marks; then clean A$ 
whsel thoroughly, and polish in the same veg 
with burdock dipped in fine red-stuff mxti 
with olive oil, taking care to cut all the teosi 
part of the burdock away till only the piA 
remains. Some prefer to use coarse red-stff 
before the fine. The pierced wheels, aft^r wdff' 
going the Uuestone and water and Uuestone ni 
oil processes upon a cork, are polished ifitt 
wheel m^tal and coarse red-stuff until all tk 
teeth and arms of the wheel are up square st 
flat ; then the wheel and cork should be prepertf 
cleaned, the metal fled up, and the wheel fniM 
with fine red-stuff The wheels should now k 
washed out in soap and water, dried in limt, 
and burnished, taking care to rub the bumisker 
upon a board that has rottenstone upon it. Tf 
ensure success, the polisher must be kept perfedlff 
clean, and care taken that all scratches er$ 
re^noved before attempting the latter stages.^ 
W. Makepiece Howe. 

Transit. — The principal instruments usd 
by Ealley, Bradley, Bliss, and Maskelyne §r$ 
still preserved in the Royal Observatory, Green- 
wich, aud were shown to the members of the 
Institute on the occasion of their visit last y^r. 
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VISIT TO WOOLWICH ARSENAL. 



JnvEEN sixty and BOTenty of the members 

if the British Horological Institute, by favour 

if the Ordnance Department of the War 

JfficBy paid a visit to the Eoyal Arsenal, 

Voolwich on Tuesday the 15th September. 

Nfofc all members, strictly speaking, for one 

or two ladies graced the party, which assem- 

Hed at the Gates of the Arsenal at twelve 

i^dock. After waiting until a quarter past 

b stragglers, we were taken in tow by 
Hr. Fnmce, who proved to be a thoroughly 
Mpetent and pamstaking guide, and after 
adiort delay caused by the Secretary having 
b fennally announce the presence of our 
liitj to Major Maitland, the Director of the 
m Factory, ushered into that portion of 
la works devoted to the forging of the gun 
nOi. 

As soon as the members were ranged at 
rhat seemed a respectful distance from the 
poratorSy the furnace door was lifted and a 
•IT of iron at nearly white heat, about 25 ft. 
tig and in' section 3^ in. square, was with- 
mm by means of a formidable pair of tongs 
^ported from a crane. Those who, with 

SDiile of satisfaction, had formed them- 
tlves into the front ring of spectators, now 
Khibited some anxiety to enlarge the semi- 
ide ; not perhaps on account of the exces- 
ve heat so much as with a desire that their 
ttinterrupted view might be shared by as 
icny as iK>ssible ; but to no purpose, those 
dmid with commendable self-denial ex- 
Msed themselves quite content. Mean- 
idle the end of the square bar, by means 
f a hole already punched through it, had 
>een fastened to the collet of a mandril, and 
ha mandril being caused to revolve, the red- 
loC iron bar was coiled up after the manner 
f a helical spring, but that the coils were 
:ept as closely together as possible. This, 
he first step in the manufacture of a forty- 
Kmoder, was accomplished in what seemed 
mi a few seconds, and we were conducted 
D another furnace to see the operation of 
relding the coils together, performed with 
larvellous ease and skill. The tongs this 
JDe drew from the furnace, at a welding 
eat, such a large coil that the 3^ in. bar 
9 the forty-pounder, which we had just 



seen twisted, seemed positively insignificant. 
It was swung on end to the anvil-block of a 
6-tim steam hammer, leaving a trail of half 
melted drops of iron. The tapered end of a 
mandril having been entered into tlie central 
hole and driven down with a couple of little 
taps, it was turned over on its side and sub- 
jected to a few blows that made the ground 
tremble. At each blow the lines marking the 
coils became fainter and fainter, until at last 
the mass became a cylinder with nothing to 
mark the manner in which it had been coiled 
up from a square bar. 

A discussion here arising as to whether 
the hammer we had just seen in operation 
were the largest in the Arsenal, our guide — 
looking aghast — conducted us with trembling 
haste to the famous Woolwich hammer, and 
with justifiable pride, but rather bewildering 
glibness, detailed the various dimensions and 
weights, from which wo managed to catch 
that the hammer weighs 39 tons, that it is 
lifted fifteen feet three inches, that the 
weight of the hammer in falling is supple- 
mented by steam pressure, that in the foun- 
dation were used 750 tons of cast-iron plates, 
one weighing 103 tons — we presume this to 
be the anvil-block. The furnace, close by, 
built to prepare the ** heats" for this monster, 
has a capacity equal to 2,000 cubic feet; 
and is 13ft. high, a "heat" requires 24 hours 
to attain the desired state, consuming 4 tons 
of coal. For a moment we were lost in 
admiration of this steam hammer, which is 
really a splendid tool, and (although the 
Bussians have one whose hammer weighs 
more) it is, taken altogether, the heaviest and 
most ponderous tool of its kind in the world. 
Looking round we found the members had 
all hastened back to the shop we had quitted 
for fear tliey should not see the machinery 
at work, it being being nearly one o'clock — 
the dinner-hour of the workmen. After 
taking a glance at an immense forging lying 
in the yard — the trunnion-piece lor one of 
the 60-ton guns, the Woolwich Infants — 
we hurried in the direction our party had 
taken : wo found them watching the process 
of rolling bar-iron. First a shapeless lump 
of iron at a white heat was drawn through 
the largest grooves in the rolls, and (the mill 
not being reversible) passed back over the top 
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roll, and through a smaller pair of grooves, 
back again, and through still smaller grooves, 
until the mass of iron, each time lengthening 
and becoming more shapely, was at last 
drawn away by two men a finished bar, 
18 feet long, with sharp comers, and an 
uniform section of 4 in. by Jin. After an 
inspection of Crampton's revolving puddling 
furnace with its arrangement for the economi- 
cal feeding of powdered coal, destined to work 
a revolution in the manufacture of iron, we 
betook ourselves to the turning department. 
Almost the first object that attracted atten- 
tion was the inner steel tube for the 80-ton 
gun, being made from probably the largest 
ingot of steel ever cast in England. It was 
manufactured by Messrs. Firth, of Sheffield, 
who cast the ingots for all the steel tubes 
used in the Woolwich guns, producing a 
quality of steel not excelled by Krupp, the 
eminent Prussian steel manufacturer and 
artillerist. The tube, or rather lump of steel, 
for it is solid when received from Sheffield, 
weighed 1 6 tons, and cost £ 1 , 500. It is said 
that theBussians, for some of their guns made 
entirely of steel, cast ingots weighiug 40 tons, 
perfecdy homogeneous. In this department 
we saw our old friends— the coils — in every 
size and stage of machining, being tamed 
on the outside, having their in sides bored 
and their ends reduced to the exact size, or at 
least, as our guide told us, to within the 

10^0 ^^ ?*'*• ^^ ^^ ^°^^> ^^ allow of the next 
tube obtaining a grasp of it by being; shrunk 
on. The tool for cutting the twisted grooves 
which form the rifling of the guns, is a beau- 
tifully simple and elegant idea. The gun is 
held stationary, the cutters are fixed in a head 
at the end of a bar, which projects so as to 
allow the cutters to reach the end of the bore 
before the muzzle of the gun can touch the 
support of the bar ; looking at first sight not 
unlike the swab with which the guns are 
cleaned. The slight rotatory motion required 
is generated by a pinion, which is fixed on 
the cutter-bar, gearing with a rack having a 
gradual and uniform motion at right an^es 
to the axis of the bar. 

Leaving the turning department we were 
taken to Sie model room, where are ranged 
finished specimens of the various service 
guns, as well as the now obsolete Armstrong 
breech-loader. Also a section showing the 
construction of the Woolwich gun. Upon a 
tube of steel, which, as we had previously 
seen, is bored for its whole length excepting 
sufficient to form a solid end, and turned 
slightly taper the muzzle end being the 
larger, is shrunk a wrought-iron coj], made 
in two or more sections, to such a length 
that Beyeral inches project beyond the solid 



end of the tube, when both coil and tul 
are fair at the muzzle. An internal thret 
being cut upon the projecting portion of th 
coil, a plug is screwed in up to the end ( 
the tube, supporting it when the recoil occm 
after firing ; and by being slightly tapen 
from the muzzle, the tube in recoiling has 
tendency to tighten in the coil. Upon ca 
number one, or the A coil, as the official 
term it, is shrunk another wrought-iio 
coil not so long as the preceding, and if tk 
g^n be a small one, this second coil hi 
attached to it the forging carrying fli 
trunnions, and the construction is complete 
For the larg;er guns three wrought-iron od 
are used altogether, in addition to the iIm 
tube. The two great points of distinakia 
between the construction of the Wodwkl 
gun and the Krupp gun adopted by Fthmm 
and with modifications by Bussia and otfa 
countries are — the former is muzzle-loadiB| 
built up of wrought-iron with a steel linliii 
and the latter is composed wholly of stw 
and loaded at the breach. While non 
upon the present Woolwich principle u 
ever burst, although the lighter for a ghe 
weight of projectile, the) steel guns are ooi 
tinually bursting, often with disastm 
results ; and looking at the question of OQi 
the advantage is again immensely in fafoi 
of the Woolwich system, and being bi 
costly, the Woolwich gun takes less time f 
make — not an unimportant consideratioD] 
time of war. The largest steel gun yet mad 
is the 1,000-pounder, presented byEnip 
during the late war to the Emperor of Qm 
many, it weighed 50 tons, and cost £16,001 
The new Woolwich 80-ton gun will bt i 
1,600-pounder, and is estimated to ooi 
about £8,000. 

From the model room we went to tin 
portion of the yard called the cemetM) 
dedicated to specimens of the guns propoM 
and in use during the last 300 years— sott 
whole, many in fragments, having buiBt fl 
trial. For a long period the advance wod 
seem to have been small, a slightly diffem 
shape, here a little more metal round tk 
muzzle, there stronger at the breach, a i^ 
of bronze, but most of cast-iron, inclndii 
some breach-loaders of fearful strength, A 
invention of an American, and sold to fl 
British Government by weight. At ta 
came the sudden and fi;igantic stride of 8 
William Armstrong's breach-loader, eventi 
ally perfected by the Fraser system of eoi 
and the abandonment of the breach-loadu 
mechanism, becoming the present Woolwif 
gun — the finest in the world. A prominis 
object in the cemeteiy ia the notom 
2,000 lbs. mortar, built in deference to d 
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ist notions of Lord Palmerston, and 

burst after a very short trial. Here 
t the precincts of *the gun factory for 
boratory, as the portion of the Arsenal 
id to the production of projectiles is 
f and lost the services of our obliging 
, Mr. France. 

BT obtaining a fresh guide we entered 
oilding containing finished specimens 
brent projectiles. The shrapnell shell, 
led with a fiisee, was shown in section, 
18 PalHsser pointed shell, in which the 
9 is exploded by the heat generated 
) shell's concussion with the armour- 
against which it is fired. While 
ant of this shell is cast in a chill, the 
portion of the mould is of sand ; and 
I section the hard and softer portions 
) steel are easily discernible by the 
mt textures. 

invention of Colonel Boxer's for ob- 
g the movements of an enemy by 
was the subject of much attention. It 
fcs of a parachute having a cup of fire 
ided from it by cords. The parachute is 
f doubled up, and the whole, cased in the 
if a sphere, is to be fired from a gun 
ftisT to as nearly over the supposed 
m, of the enemy as possible ; when the 
mte will expand and the fire be ig- 

Leaving this building, we went to 
le-bullet and fusee factory. The first 
• in the manufacture of rifle-bullets — 
!ng the solid lead under hydraulic 
re — ^is fully described in Volume XII. 
jHoeological Journal, page 49. The 
3f lead, being passed to one machine, 
t off in proper lengths and hollowed 
1 end, leaving a diaphragm near the 
). Another machine shapes or draws 
lint of the bullet over, leaving the 
' inside for a proper balance. A third 
the concentric grooves that take to the 
of the gun. Although the point has 
dosed over, the hollow at the back of 
allot remains, and is now filled by a 
jr wedge of pressed burnt clay, which 
i moment of firing is driven further 
le hollow, expanding the bullet so that 
the grooves forming the rifling. From 
[tness of the metal operated upon, the 
•making machines were worked very 
y. The lathes for turning the brass 

for shells were fitted with revolving 

holding six or seven tools very similar 

rest shewn by Mr. Fraser, of Kenil- 

at the exhibition of work at the 
ite in December last; and they appeared 
>rk remarkably well. In fact, we 
1 one man chuck a brass casting, turn, 
ind face it, face the back of the hole, 



turn a hollow at the front of the hole, cut 
an internal thread, and take it out of the 
chuck all in two minutes. 

Many brass castings of secondary import* 
ance, instead of being turned and shaped, 
were pressed to shape and size in dies with 
g^eat rapidity. 

In another room copper percussion caps 
were being made in four processes ; first, a 
circular piece was punched from a sheet of 
copper, and the edges turned up slightly ; by 
another machine it was drawn into a long 
cylinder with one end solid, next the open end 
of the cylinder was faced off to a length, a boy 
placing them in holes drilled round the edge 
of a revolving chuck at the rate of 20,000 
a-day, as the written record of his previous 
day's work, attached to his machine, testi- 
fied. After being faced off to length, the 
edge was turned up to form the rim, and 
the cap was finished ready for the drop of 
fulminating powder. After a short visit to 
the foundry — wherre the shells were being 
cast, and an adjoining room where they 
were being turned by revolving against 
grindstones, which seemed to us to have an 
unnecessarily slow speed — we proceeded to 
the carriage factory. The chief feature that 
attracted attention was the adoption of Per- 
rin*s band-saws for cutting wrought-ii::on. 
This was, we were told, first suggested by 
an artificer in the carriage factory in 1866 ; 
and upon trial was found to answer very 
well, working at a speed of 250 feet per 
minute. 

After the carriage factory came the wheel 
factory, and here also madiinery is used to 
the utmost extent ; as far as we could see, 
no handwork whatever was used in fashion- 
ing the wood ; everything is worked to 
gauge, and without any preparatory trying 
or fitting, the box, felloes, and spokes were 
taken and all forced together by hydraulic 
pressure ; nothing appeared loose, nor was 
there the least sign of cracking. 

A very short inspection of the completed 
carriage department brought to a close, at 
half-past four o'clock, a most enjoyable and 
instructive excursion. 



Watchmaking. — The Journal de Geneve 
says the total number of inhabitants of 
Switzerland engaged in' the watch trado is 
37,969, of whom 25,242 are males, and 
12,727 females. In Berne the annual pro- 
duction of watches is 500,000, worth 20 
millions of francs ; in Geneva, 1 50,000, also 
worth 20 millions of francs ; in Vaude, 
150,000, worth eight millions of francs 
(here also 30,000 musical boxes^ worth two 
millions, are manufactured). 
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PRIZE ES8AT OK THE GOUPENSATION BALANCE 

AND ITS ADJUSTMENTS IN CHEONOMETEES AND WATCHES. 

[J'he Baroness Biirdeft Couf/s' Pn=e.) 

By W. B. crisp. 



( Contimud from page 12. J 



CHAPTEE in. 



Oh the various Modf» of Adjwiing for Ex- 
treme* of TewptraUtre hj meant of Auxiliary 
Compentalion or qthericise. 

In m^ last chapter, describing ths method 
of adjUBting a cnronometer at 45** and 85" : 
supposing the same to be goiae to mean 
time at each of these points of the thermo- 
meter, on trying the instrument in an inter- 
mediate temperature of 65° it will be found 
to gain rS neconds. 

Ordinary Oompfrtaation Bnlnncf. 




Ordinary Compentation Balamr, with Smirt. 



100°, ita error at 65° will be 3-8 «r4 MOI 
This calculation is taken tram tmiik 
the performance of upwards of <a& iotti 
chronometera. ". ' 

In an essay of this dflecrij^kn $_M 
impossible for me to describe tiM Mjtfs 
aiLxiliary compensation pieces iafttMl I 
made bj Mr. Eiffe and Mr. MatyMtf; 
desoriplitms of their improTfimmtous p 
lished and well known to chronow 
makers. But, for the purpose of exphii 
the mode of correcting this error, it wiD 
necessary for me to select those appliostt 
tried by myself, and best adapted to 
purpose. Inowselectoneof Mr. Molyneo: 
which WA! patented by him, and, to nie I 
Molyneux's own woras, "Having, in 
usual manner, compensated the bdaoH^ 
that its vibrations shall be equal at ' 
temperatures of 30° and 55° Fahrenh«il 
will be found that, if the temperaton 
raised tKi a greater heat, such balancB 1 
vibrate bo tliat the chronometer will loii 
time or decrease its rate ; but by this ian 
tion I am enabled to compensate for tlisl 
in the following manner:— In Eig. 1 ' 

CompentfitiOH Balance, with Molyneu3?t AnxBi 
(Fig. I). 



This error is perfectly wall known to 
dironometer makers as the " Tkfiddie Error 
Temperature," and the greater this errc 
as the cbronometers are tried at highe: 
lower degrees of temperature. Thus, if a 
chronometer is tried at 30° and 90°, its error 
at 60' will bo 2'7 seconds, or at 30" ood 




balance, with ils supplementary j 
shown in tho position it assumes at 
temperature of 55°, its rtm being ihsid 
aidered circular, and the middle proJBcli 
portions of the supplemontaiy pieces hu) 
in contact with the rim. Now if tlis te 
perature be raised, the balance-rim, « 
the supplementary compensating piecaiki 
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the position Bhown in Fig. 2, 
1 tbe increase of heat, the oaluice 
U3^$ Auxiliary in action (Fig- 2). 




to be circular. It« &ee ends, to 
Rousting screws are attached, 
roBched nearer the centre of the 
1 with them carried the free ends 
)leineDtary compenaating pieces, 
it middle projecting portions no 
k on, or are in contact with, the 
•f the balance rim, and thus, by 
jostment of the length, pOBition, 
of the supplementary compensa- 
I am eDabled to compensate for 
Bs above that at which the 
I been adjusted, while the adjust- 
Bmperatures of SU" and 50^, to 
talusce had been before adjusted, 
impaired." 

id modification consists of a com- 
ir lower temperatures, the chro- 
.ving been adjusted in the usual 
iS" and 85". 
toNre, unlh Compound Ctntre Bar. 




modilicatioa is described by an 
ampenaation, screwed on to tbe 
jalance, and acting independently 
ion of the lialsnce-rim. It is 
r an auxiliary adjustmont acting 
I balance being adjusted in the 
aer for high and intermediate 



Ghzonometers with this first modification 
were tested at the Boyai Observatory, 
Greenwich, in the year 1840, and stood a 
very long range of -temperature. In the 
year 1S40 a chronometer, No. 1839, was on 
trial for thirty weeks, at a temperature 
ranging; firom ltt° to 110", its error during 
that time being 114 seconds difference 
between the greatest and the least ; and i'3 
seconds tlio greatest difference between one 
week and the next — a wonderful perform- 
ance ; and it becomes very questioDable, in 
so long a range of temperature of 92", if the 
performance can be surpassed, In trials of 
this description, every 5° of temperature is 
a matter of great consideration, and, when 
the wonderfully close perfoi-mances are pub- 
lished, temperature, uie cause of all error, 
must be looked upon in the faimoss of com- 
parison between the performance of one 
chronometer and another, as chronometers, 
tested with a range only of 60° of tempera- 
ture, will give very different results in so 
long a range as 02°. 

The patent haying expired, many chrono- 
meter makers have used this auxiliary with 
great success, and their chronometers have 

Serfoimed well at the Greenwich trials. The. 
elicacy of its application, and abili^ re^ 
quired in the adjustment of it, are quit 
sufficient to render the auxiliary useless in 
unskilled hands. 



Siffe'i apfiicaiittn to ipring. 




Mr. HHe speaks veiy highly of an appli- 
cation affixed to the side of the cock, as it is 
usually colled, or the strong bar of the 
chronometer. It coudsts of a piece of oom- 
peosation lamine, m fitted and adjusted 
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th&t the point of a screw 13 made to act apon 
the pendulum spriug. This also is a veiy 
beautiful application, and ver; taking in 
theoiy, but it is questionable if the general 
good performance of the chronometers to 
which it may be applied will he benefited 
thereby. The pendulum spring must be 
perfectly free from any banking or restraint 
upon it, to insure its requisite fine perform- 
ance. 

At the time Uolyneux patented his appli- 
cation of auxiliary compensating-piecea to 
the balance in 1810, many chronometer 
makers (although very much taken with the 
idea of auxiliary compensation) were of 
an opinion that a balance of a. different form 
must be constructed, for the purpose o^ 
overcoming the difiiculty of losing in ex- 
tremes of temperature, whilst others were 
trying auxiliary compensation and check- 
pieces, of almost every conceivable shape, to 
efTect the same purpose. 

The late Mr. E. J. Dent patented a balance 
of the following description : — A compensa- 
tion diameter-bar fixed on the balance-axis, 
composed of brass and steel, the steel being 
uppermost. This bar, carrying a weight 
upon an upright rigid support, was the only 
compensating power hitherto employed. Two 
blocks were attached to the ends of the bars 
to receive the secondary compensation-pieces, 
E. J. Dmt't Balmitv. 




which were so arranged that the weights 
should be carried upwards in heat, or tilted, 
as it were, into the centre, so that, by this 
means, the weights should always move in a 
line, nearly parallel to the axis of the 
balance. On the elevation of temperature 
the distance between each staple is increased 
in height, and, by this means, the compen- 
sation weights are lifted from the balance- 
bar. Under these circumstances, the primary 
compensation b enabled to carry the weight 
over a greater space, and with accelerated 
velocity towards the centre of motion, the 
reverse effect taking place on a dedeaae of 
temperature, 
2m9 balance was evidentl; a great im- 



provement upon a compensation balance 
invented and made by Hardy, who received 
a reward of thirty guineas in January, 1804, 
from the Society of Arts Cor his invention. 
Hardy, in the description of his balance 
Eardy'ij 




calls it " a permanent compensation baluct 
for a timekeeper," and describes it as a greit 
improvement upon tha two balances then n 
use. Hardy rejected these altogether, aod 
contrived a mode of applying the dimt 
expansion of metals, which he found bj 
experience to be constant and permansiiL 
Hardy's balance consisted of a fiat steel bn, 
which formed its diameter ; beneath thii 
steel bar were two metallic bats, ose tt 
brass, and the other of steel, secured to tka 
first steel bar by a stud, this bar being 
weakened so that it should carry in towirli 
the centra of motion two brass globes fixed 
upon upright standards. The first tted 
bar was weakened at each end, so that tin 
compound bars hod the effect of carryiB{ 
the upright standards to and from the ceatis 
in heat, and the contrary efiect in cold; 
so that the idea at that time was to haves 
balance so constructed that the weigbb 
should aj[)proach the centre with gr^tv 
rapidity in heat, and recede slower in cold, 
tho weights acting in a straight line to lb* 
centre. Hr. Dent remarks that "ftit 
variation of velocity to and from the ccntn 
of motion could not possibly be broogU 
about if the weights were placed on tbt 
before- mentioned rigid immovable snppoi^ 
at the extremities of the balanoe-bar, sa i' 
usually done in ordinary balonoes of '■lii' 
deB(,ription." 

There can be no doubt that Ur. E- '■ 
Dent's balance was a great improveisHl 
upon the balance of Hardy, as any bslsac* 
depending or acting upon leverage or sprinei 
for the entire compensation is not auitaw 
for a chronometer. Donbtleae, from thii 
cause Hsirdy's balance never come int* 
general use. About the Bome time Ur. 
Loseby made and patented another impnn- 
ment in the oompcmaatKA hofauwi^ by A* 
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application of curved glaaa tubes containing 
mercaiy, in addition to the ordinary com- 
penBation, the tubes being arranged in such 
a position as to cause the mercuiy, on ex- 
panding b; on increaae of temperature, to 
approach the centre of the balance at an 
accumulation force, correspondiDg to the law 
of altaration in the elastic force of the spring. 
Xmij "nij excellent chronometers with 
I ra this dsscription were tried at 
idi dnring the yean 184S-6.* 
a flw year 1847 a chronometer, by E. J. 
___|MJ, headed the list at Greenwioh, show- 
imt' ■ Tariation of 7-7 seconds difference 
MPMn the greatest and the least, and 3-5 
WtfmiMt the greatest difference between one 
Mik aad the next, the thermometer ranging 
ftan SSI° to 86". whilst many of the chrono- 
matWBWere exposed to extremities of heat 
■nd cold from 27' to 106". In 1848 Loseby 
again beads the list, with variatiuns of 8-7 
and 4'6 seconds, E. J. Massey second, and 
Loseby third ; the thermometer ranging from 
2B-' to 87°. In 1149 Eiffe hea£i the 
list, Poole second, Loseby third. In 1850 
Loseby once more stands first, Etffe second, 
Dent third. In 18S1 Loseby again comes 
first on the liet, with a Tariation of lO'S and 
4-3 seconds ; the thermometer in this year 
being 34° minimum, and 102" maximum. 
In 1852 Loseby again heada the Qreenwich 
list, Maasey second, Dent third. In 1853 
Loseby's chronometer stands fourth, and, 
after diis year, the name of Loseby appears 
no more on the Green with trials. His 
application of glass tubes containing mer- 
cury is correct in principle, but the applica- 
tion by anyone but himself has not been 
attempted since the time of Le Boy, glass 
and mercury being about two of the worst 
substances where solidity is so much re- 
quired, as in the compensation balance of a 
chronometer. In the year 1654 a chrono- 
meter by Poole stood at the top of the 
Qreenwich list, showing the difference be- 
tween the greatest and tho least to hare 
been 86 seconds, the diiference between 
one week and the next 4.5 seconds; the 
range of temperature being from 35'' to 104''. 
This chronometer was not beaten until 1870, 
and was fitted with an auxiliary compensa- 
tion, now known in tho trade as Poole's 
auxiliary. The drawings of it were exhi- 



* The reader must bv.ir in mini] (hat the Green- 
wich trials are annual comietilive (rials, and in all 
cases coniniencini; in the first week of the new j"ear, 
eilendinj; over a period of iS (o 30 vccks ; and'thal 
■he diflcrcnce between (he {^aioat and the leas( is 
the whole error of (he chronomcti;r duhng sueh (inle 
of trial. The greatest difference between one -week 
and the nnl cxpbuu itself, and iti error is indusiTe. 



bit«d at the International Exhibition of 
1862. Two brass abutments are screwed 

Jiahime, Kith Pooh'e A iixiUary. 




on the ends of the balance, the screw car- 
rying the meantime screw passing through 
its centre. Through these abutments or 
check-pieces are two screws acting upon the 
main compensation, to compel it to act in 
a more limited degree in cold. The success 
of this balance has been very great, a large 
number of chronometers having been 
sold to the Admiralty with balances of this 
description not only bearing the name of 
Mr. Poole, but of firms that sold his chro- 
nometers, who were anxious to possess a 
reputation attributable to the skill of this 
artixan. In 1855 an eight-day chronometer 
by Lawson heads the list; in 1S5G Muir- 
head, with Poole's auxiliary compensation 
balance, and, in 1857, a cfaronomoter by 
Hornby, with a new description of balance, 
invented by Mr. Hartnup, of the Liverpool 
Observatory. From the large number of 
chronometers seat to the Liverpool Obser- 
vatory to rate, Mr. Hartnup, by a series of 
experiments, soon found the defective state 
of the ordinary compensation balance for a 
lon^ range of temperature, and further ex- 
periments have induced him to conclude 
that, for a range of temperature of 30', this 
error may be confined to very narrow limits 
in a well adjusted balance. 

The balance I am now about to describe 
was made by Mr. Wm. Shepherd, a skilful 
chronometer maker of Liverpool, who, in 
combination with Mr. Hartnup, agreed that 
the result of their experiments should be 
made known fbr the benefit of the public. 
The results of the discussions with Mr. 
Shepherd, who mode several trials, were 
concluded by his making a balance of a cir- 
cular form, so that the lamiuHi of brass and 
steel might be turned down to the requisite 
proportions with facility, and that the com- 
pensating and poising might be as easily 
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. as in the ordmary compenBation 
balance. Secondly, — the balance must be 
BO contrived that the compeuBatiiig rim and 
weights should move towards the centre with 
an increasing velocity in an increasing tem- 
perature, whilst in a decreasing temperatuie 
they must recede &om the centre with a 
gradually diminishing velocity. In the en- 
graving, the rim is composed of a lamina 
Jlartntip** Balance. 




of brass and steel, united as in the ordinary 
balance, the steel of which is bevelled or 
turned at an angle of 45° or thereabouts. 
The bar a, a, with the bars a, i, a, b, and 
also the bars h, c, are composed of brass and 
steel united as in the nm ; a, a, has the 
brasa uppermost, and h, c, h, c, have the steel 
uppermost, and they are firmly joined at b, h. 
The compensating weights slide upon the 
rim as in the ordinary balance. Now the 
effect of the inclined position of the rim is 
this : — The different expansion of the two 
component strips, carries the weights to and 
from the centre, and also up and down in a 
slanting direction, owing to the bevelled 
form of the rim. The Jant takes off from 
the action of the rim, but this is increased 
to the proper amount at mean temperatures 
by setting the weights more forward, so that 
the balance is compensated for small changes. 
Bo far the new construction acts exactly as 
the ordinary compensation balance. To 
show how the balance acts in extreme tem- 
peratures, first lake the case of extreme 
heat — the ends of the bar o, it, bend down- 
wards, and the ends of the bars c, b, curve 
upwards ; and the compound effect of these 
two curvatures is to set the bevelled rim 
more nearly perpendicular to the plane of 
the balance, whence the effect of the com- 
pound rim in bringing the weights towards 
the centre is greater than it would have 
been in its more inclined position. Now, 
this tends to shorten the time of vibration 
the balance. In the ordinary construction, 
a chronometer loses in extreme heat; the 



new construction, therefore, tends to com- 
pensate the losing rate in extreme heat. 
Again, in extreme cold, the ends a, a, bend up- 
wards, and the ends of b, c, b, e, bend down- 
wards, from the unequal contraction of the 
brass and steel strips which compose the bar. 
The effect of this compound action is to set 
the rim flatter or more nearly parallel with 
the plane of the balance. Hence the effect 
of the compound rim will be less effective in 
removing the weights from the centre than 
in the ordinal construction, and the balance 
will move more quickly. A balance of the 
ordinary construction loses in extreme cold, 
hence the new balance tends to compensats 
the error. 

Mr. Hartnup found by experiments Ibat 
chronometers furnished with the new balance 
are sulliuiently compensated in all degreesof 
heat and cold, and for a proof of wMch 
tables are given containing the rat«a of 
three chronometers to which these new 
balances were applied. Tlie temperature 
ranging from 31- to 105^, the ehronometen 
were tested for two months in mean and 
extreme temperatures of heat and cold, with 
scarcely any variation. These three chro- 
nometers were aiterwards tried at Greenwicli, 
and one of them Q^o. 228, Wm. Shephenl) 
was purchased by the Government. The 
chronometer by Hornby, in 1657, was tested 
in temperature from 21" up to 105". In 
1658, a chronometer by Blackie headed tlie 
list, with a new auxiliary compensatien 
(description unpublished); and two chrono- 
meters with Poole's auxiliary compensation 
stood second and third, with a range of 
temperature from 23- to 95°. 

In 1659, a chronometer by Campbell, ot 
Liverpool, stood top of the list, with u 
unpublished alteration of the balance, 
Frodsham and Baker second, Crisp thiid, 
with a range of temperature from SI" to lOS'- 

In 1860, a chronometer by Bircboll standi 
first, with an alteration of tiie balance (un- 
published), W. P. Birchall second, Muirhead, 
with Foole'a auxiliary, third, with a range 
of temperature from 25" to 100°. 

In 1861,McCtregor, with Poole's auxiliuji 
heads the list, Webb second and third, villi 
an unexplained auxiliary to the balance ; s 
range of temperature from 27'' to 104"', 

In 1S62, two chronometsTB with KuUberg'a 
balances, the first one bearing the names 
Simpson and Boberts, the second one the 
name of the maker, Hr. Kullberg, the third, 
fourth and fifth chronometera were irith 
Poole's auxiliary compensation ; range of 
thermometer 21" to lOiX 

In the year 1863, a chronometer by Flet- 
cher, with ftuziliaiy oompaoMUton, heMs tiiB 
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listi Kullberg second, Webb third ; the tem- 
perature ranging from 38° to 97°. 

In the year 1864, a chronometer by Kull- 
berg first, McGregor second, with Poole's 
au^uliary ; range of temperature 32° to 97°. 

In 1865, a chronometer by Webb first. 
Lister and Son second, with Poole's auxiliary. 
Dent third ; temperature 32° to 100°. 

In the year 1866, a chronometer by 
McGhregor stands top of the list. Cairns 
second, Poole third, all with auxiliary com- 
pensation; temperature 31° to 101°. 

In 1867, a chronometer by Sewell heads 
the list, Oowland second, with auxiliary com- 
pensation ; range of temperature 30"^ to 95°. 

In the year 1868, Birchall first, Fletcher 
second, with auxiliary compensations; tempe- 
rature 36° to 96°. 

In the year 1869, Fletcher first, Whiffen 
second ; range of temperature from 39° to 
100°. 

In the year 1870, a chronometer by M. F. 
Dent heads the list, Chittenden second ; 
temperature 33° to 95°. The small error of 
M. F. Dent's chronometer, in this year of 
trial, was noticed by the Astronomer Boyal 
to have been the finest chronometer that had 
ever been on trial, it having made but the 
Bmall error of 5*5 seconds as the difference 
between the greatest and the least, and 3*8 
seconds the greatest difference between one 
week and the next, during a range of 62°. 
No description of the balance having been 
giyen in the published rates, the writer 
supposes it to have had a balance similarly 
constructed to the one exhibited by this firm 
at the Exhibition of 1862, of the following 
description:— M. F. Dent's new compensa- 
tion balance, with outside auxiliary bows 
made much thinner than the ordinary 
lamina of the balance, the steel being out- 
side and the brass within, reversing the 
metals for the auxiliary compensation-pieces 
or bows ; this gives an increased error which 
the primary compensation is intended to 
comi>ensate. The general effect of the 
balance is that the compensatien power is 
greatly increased in high temperatures. The 
outside bows are quite free from bankings 
or check pieces acting upon the balance, 
which is the principal objection to compen- 
t»ation-pieces. 

In the year 1 87 1 , a chronometer by Charles 
Frodsham heads the list, with a new reversed 
balance, performing very nearly equal to 
M. F. Denf s chronometer in the previous 
year ; temperature ranging from 36"" to 94°. 

In 1 872, a chronometer by Kullberg takes 
the first place, with a flat rim balance without 
auxiliary, Uennessy second, McGregor ^hird ; 
these two chzonometers having auxiliary 



compensation to the balance. Temperature 
44° to 95°, a range of temperature of 51° only. 

In the year 1873, a chronometer heads 
the list by Wiechert, with Kullberg's flat- 
rim balance without auxiliary, showing the 
very small error of 3 seconds during any week 
of trial, and 5*1 seconds as the greatest differ- 
ence between the greatest and the least. 
The second was a chronometer by Usher and 
Cole, Mr. Kullberg's being third ; three very 
fine chronometers ! The range of tempera- 
ture was from 35° to 95°, a range of 60"^ only. 

The balance of Mr. Kullberg is a modifi- 
cation of Mr. Hartnup'sand Mr. E. J. Dent's 
balances, or a very great improvement on 
the principle of the balances invented by 
those gentlemen. It is composed of a com- 
pensated disc, the rim and centre-bar being 
all in one piece, thus doing away with the 
attached centre -bars as in the Hartnup 
balance, and is so constructed that the 
weights shall act in a straight line to the 
centre, and has, up to the present time, 
performed better than any other chronometer 
at the Royal Observatory, Greenwich. The 
range of temperature has of late years not 
been so great, and this accounts for the 
beautiful performance of the selected few 
chronometers purchased. This balance does 
not appear so difficult to make as the Hart- 
nup balance, but it is far harder to construct, 
and will cost about treble the price of the 
balance of ordinary construction. How these 
balances will act in other hands, and in 
higher ranges of temperature, remains to be 
seen before it can be said that chronometers 
with these balances shall surpass all others, 
as was the case in the last year of trial ; the 
balance with auxiliary compensation per- 
forming nearly equal to the first, and sur- 
Sassing the third chronometer with this new 
at disc balance. 

In concluding this Chapter, I must say 
that I can give no suggestions for giving the 
last delicate finish, to the compensation by 
any means acting upon the spring, which, for 
the sake of giving lasting ^ood performance, 
must, be perfectly free and undisturbed. 

{To be continued), 

[I notice that in Example 2, Chapter II., by 
a slip of the pen, it is said that by shifting the 
weignts backward they will be ** more in- 
flueucod," &c. ; it should be, of course, " le$a 
influenced." I think the error is too obvious 
to mislead.— W.B.C.] 



An Association, with objects identical with 
those of the loeds and District Watch- 
makers' and Jewellers' Assooiation has been 
formed at Bradford, Yorkshire. 
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THE SIDEBEAL CLOCK AT THE 
BOTAL OBSEBVATOBT. 

Many Members of the Institute will remem- 
ber observing this clock on the occasion of 
our visit to Sie Observatory. It is fixed to 
the north wall of the magnetic basement, 
and was made by Messrs. £. Dent and Co. 
in 1871. It has a detached escapement, 
closely analogous to the ordinary chronometer 
escapementi the pendulum receiving impulse 
only at each alternate vibration ; consequently 
the escape-wheel and seconds hand move 
only at alternate seconds, the even seconds 
being in this case selected. The Astronomer 
Hoyul reports that the rate of the clock is 
Eo steady that the barometric inequality (for 
the correction of which no satisfactory con- 
trivance could be arranged) is indicated with 
the greatest regularity, the losing rate 
of the clock being increased three-tenths of 
a second for an increase of one inch of baro- 
metric reading. It is rather a remarkable fact 
that this escapement was proposed for clocks 
by the Astronomer Boyal himself, and a 
description of it printed in the Transactions 
of the Cambridge Philosophical Society 
forty-seven years ago. In spite of its excel- 
lent performance, however, the increased 
cost of construction will probably prevent its 
extended use. The pendulum is compensated 
by a zinc tube resting on the rating nut 
upon the steel rod, the zinc tube being in 
its turn encircled by another tube of steel, 
resting at its upper end upon the zinc tube 
and carrying upon its lower end the cylin- 
drical leaden bob, slots being cut in the 
outer steel tube, and holes made in the 
intermediate zinc tube, with the object of 
exposing equally all parts of the compound 
pendulum rod to the action of temperature. 
The compensation is, in fact, upon the same 
principle as the Westminster clock, but that 
the bob is of lead and is attached at the middle 
of its length to the outer steel tube. Sir 
Edmund Beckett, in his treatise on clocks, 
mentions suspending the bob in this manner, 
but sees no advantage in it, as allowance can 
be made for the expansion of the bob when 
resting upon the bottom of the outer steel 
tube. But the advantage of attaching the 
bob at its middle lies in another direction. 
It appears clearly unwise to rely upon the 
expansion or contraction of the bob as an 
element of compensation, for its greater 
thickness would prevent the effect of any 
change of temperature being observed so 
soon as upon the rod and tubes; and although 
this sluggishness of the bob may cause no 
apprecialSe error if the range of temperature 
i9 emaU, aa no doubt is the ease at West- 



minster (where the pendulum is enclosed in 
a chamber) and in the magnetic department 
of the Observatory where the sidereal clock 
is fixed, the safer plan seems to be to render 
the bob as neutral as possible. 

The pendidum originally fixed to the clock, 
which was of the ordinary mercurial kind, 
was abandoned in favour of the zinc and steel 
compensation with what we will call the 
neutral bob, because, when tested with a 
much greater range, and more sudden alte- 
rations of temperature than would be expe- 
rienced in the magnetic basement, irregu- 
larities were discovered which were suspected 
to bo due to the want of uniform sensibility of 
the bulk of mercury and the pendulum rod. 

The driving weight of the clock is placed 
in a separate chamber from that of the pen- 
dulum, and bears slightly against the side 
of the chamber for the prevention of sympa- 
thetic vibration. 

Upon the crutch axis of the sidereal elock 
two straight compensated bars (brass and 
steel) are fixed Action-tight for the final 
correction for temperature. It is anticipated 
that by turning the bars into an inolineaposi- 
tion, as respects the pendulum rod, the 
tendency of the weights to move upwards or 
downwards with increase of heat, aooording 
as the steel or brass lamina is uppermost, 
will give power to correct any defect in the 
primary compensation. They werCi however, 
at first placed in an upright position so as to 
be neutral, and no occasion for testing the 
efiiciency of the arrangement has yet arisen, 
which is perhaps just as well, for we fear 
the contrivance is a better theoretical than 
practical one. 

The method by which the time of the pen- 
dulum's vibration is recorded by means of the 
chronograph, so that the exact time of 
astronomical observations may be remtered 
by galvanism, is given fully by ICr. EUib^ vl 
his admirable Lecture on the GveeDwich 
System of I'ime Signals, publishedinYoLTHM 
but that, instead of the circoit being doaed 
by a wheel on the escape-wheel arbor, as io 
the transit clock there in .use, the pressD^ 
sidereal dock has a pin on the upper part of 
the pendulum-rod, which prosseo tMCther 
the two light springs at the middle of each 
vibration for obtaining galvanic oontaot 

Ths Postmaster-Oeneral makes known 
that packets containing jewellery or watches 
are, upon arrival at Peru, subject to Customs 
Duty, and should not be sent by post* 
Letters or packets sent by post containing the 
above-named articles, addressed to anyplace 
in Peru, are, by the laws of titiat coanti7) 
liable to confiscation* 
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WHEELS AND PINIONS: THEIR SHAPE AND DIAMETER. 
Bt biohabd lakoe, 

Glasihiilte, Saxony. 



fCoutinwdfr 
'- Dtfimtiott bf ihe drawings. — After haTing 
drawn a portion of B circle A, of tbe same 
diameter ae tlie braH arc for the primitive 
diameter of nheel^324™', and another 
circle B, for the primitive diameter of pinion 
=54'"-, which touches the wheel-circle in 
one point; both centres are nnited by a 
itraigbt line, the line of centres. 




The nnmber of the teeth of pinion mast 
be contained in the number of the teeth of 
wheel, as many times as the circumference 
of the vheel contains that of the pinion. In 




the draning the diameter of pinion and 
wheel are 64 and 324, or=l : 6, hence the 
..number of teeth in the wheel must be 6 
times more than in the pinion, or tiee tend. 
The number of leaves in the pinion being 

E'ven, we divide the primitive circle of pinion 
J thii number, commencing at the point 



page li.J 
where the centre line cuts the two circles, and 
the wheel-tooth first touches the leaf uf 
pinion. Next, the primitive diameter of 
wheel must be divided with the same dis- 
tance or division used for the distance of 
pin ion -leaves, in order to transmit the respec- 
tive number of revolutions of wheel and 
pinion in a uniform manner. 

The nuniber of leaves of the pinion being 
for instance 1 2 ; having then divided the 
primitive circle of pinion into 12 equal parts, 
in setting out from the point of contact (the 
centre line), we must (Svide the primitira 
circle of wheel into the same sized divisions 
as those used for the pinion-leaves. 

Now, after having fhstened the metalliu 
arc with the two little piss on the paper (its 
circumfereDco corresponding perfect^ with 
this circle drawn on tbe paper), the epicy- 
cloidal curve of the teeth of wheel is made 
by rolling the disc on the arc, the point of 
the pencil commenting at the point where 
the side of a tooth cuts the line of the 
primitive circumference. 

Vor the leaves of pinion no mechanical 
aids further are wanted, as the radius lines, 
lines drawn irom the centre of the primitive 
circle of pinion to the circumference, will 
represent the flanks or sides of the leaves pf 
pinion ; the form of the ends being theo- 
retically of no importance. 

But though no rounding at all would be 
necessary nt the end of the pinion- leaves, 
yet my father found that, oven when rounded 
circular teeth are em]>loyed, as shown in 
the iirat drawing, an alteration of form 
and gearing will take place, if by the 
widening ofpivot-holea, the depth or pitching 
becomes too large. In an extreme case, if 
originally planted rather too wide, the watch 
will by-and-by become out of order. 

For this reason it is good and practical to' 
give the pin ion -leaves an olive-shaped form, 
or the form of a Gothic arch, like the epicy- 
cloids of the wheel-teeth. If the i^pth 
become too wide an alteration of form 
will not take place ; and in pinions with less 
than 10 leaves, the first contact of wheel- 
teeth and pinion-leaves can take place 
advantageously before the centre line, and 
will thus give a smooth pitching. 

In this way the plana for all pinions from 
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6 to 20 teeth were drawn with the utmost 
care ; and with regard to the space or play 
which is necessary between the mutual teeth 
of wheel and pinion, the sizes for the full 
diameter, bottom of the pinion, thickness of 
leaves, &c., were measured, and referred to 
the primitive or pitch- diameter, which was 
con8tantIj=54*°*. 

The thickness of the teeth of the wheel 
being the same as the space between the 
teeth, wo shall find a good proportion for the 
thickness of the leaves of pinion, in making 
them 0*4 of the distance of two teeth or of 
one division ; and the space or cleariDg = 0*6 
of the distance of two teeth. 

For instance, divide the primitive diameter 
of piuion into 12 equal parts, representing 
the number of leaves, and subdivide each 
division into 10 equal parts; then four of these 
subdivisions will give the thickness of leaf, 
whilst the remaining six will serve for the 
cleariDg or space. 

In the following I give the measures for 
some of the pinions with circularly-rounded 
teeth : — 



No. of 
uiiiluii- 

llHIVfJl, 



G 

7 

K 

!) 

10 

11 

12 



Fall diameter 
I'uiuparrd tuthrj 
primitive. , 



Oround or 
bottom com- 
par«>d to the 
primitive dia- 
meter. 



Tliic-knc«Mi 
of Icavet. 



aS'310 
63-G94 
62.482 
G1'540 
60*780 
60-169 
59-65.^ 



54 
51 
54 
54 
51 
54 
54 



21-72 
25-78 
28-79i 
31-00 
33-00 
34 58 
36-00 



51 
51 
54 
54 
51 
54 
51 



11-31 

9694 

8-482 

7*54 

6-785 

6-196 



54 
54 
54 
54 
54 
54 



5-655 : 54 



Diameter 

for uneven 

teetli. 



GO-514: 54 
59-698 : 54 
58-954 : 54 



For a pinion of 10, for instance, by this 
table the full diameter will be = 60,786 ; 
the groimd or bottom of pinion = 33 ; 
the thickness of leaves = 6,785. The pri- 
mitive diameter in all the columns is sup- 
posed to be 54 ^*'^. 

Example. — Suppose we wish to calculate 
the full diameter for a pinion of 10 leaves, 
whose primitive diameter = 40*^""' then we 
have to make the simple proportion : 



54 : 60-786 = 40 : « 

60-786 X 40 

— = 45 OS*^" 



X = 



54 



which is the full diameter for a pinion of 10, 
whose leaves are circularly rounded. 

Though such a proportion is clear and 
easy to calculate, it takes some time to mul- 
tiply the second and third figures, and 
then to divide this product by the first. In 
order to shorten this operation, we do not 
take the number 54 for the primitive 
diameter, but I, and have Uien for the second 



figure not 60.786, but 1.126 (as is seen 
in the next table). When we now make 
the same calculation to find the full diameter 
of a pinion with 10 leaves, and a primitive 
diameter of 40'^'"-, then we have this proper^ 
tion : 



1 : 1126 = 40 : J? ) equal to 40 multiplied 
1126 X 40 by M26, and then 

) divided by 1. 



1 



X = — 

X = 45*03, as before. 



It is clear that we have only to multiply 
1126 with 40 to find what we want, because 
to divide by 1 would not alter the product 
at all, and is therefore quite superfluous, 
and the calculation is of course so much 
shorter and easier. 

We only have in all cases to multiply 
with the calculated numbers registered in 
the tables, if the diameter of bottom, thick- 
ness of leaves, or full diameter is required; 
and inversely we have to divide by the 
values indicated in the second column, if the 
full diameter is given and the primitive is 
wanted. 

Betuming to the preceding example, 
where the primitive diameter was 40^ for a 
pinion with 10 leaves the full would be, after 
the reduction of 54 to 1 for the primitive 
diameter, 40 X 1*126 = 4503"* for circu- 
larly-rounded teeth, as calculated before. 

In the following two tables we give the 
said proportions for all pinions &om 6 to 20 
leaves. Table 1 contains those for circularly- 
rounded leaves ; Table 2 those for Gothic- 
shaped leaves, whose rounding resembles 
the epicycloidal form of wheel-teeth. 

In Doth tables we find in the first vertical 
column the numbers of leaves from 6 to 20. 

In the second column the full diameter 
for each pinion in the first column, the 
primitive diameter being always = 1. 

Thus we find by the side of 10 in the 
first vertical column the number 1*126 in 
Table 1, and 1*251 in Table 2. 

If, therefor^, the primitive diameter is 
^ 1, the full is = M26 ; or if the primitive 
diameter were = 10, the full will oe 11*26 
for circularly-rounded teeth. 

In the third vertical column we find the 
diameter of the ground or bottom compared 
to a primitive diameter which is always 
supposed to be = 1 . 

In the fourth vertical column the thick- 
ness of teeth in proportion to a primitive 
diameter = I. 

Not to confuse the calculation, I always 
refer only to Table 1, as Table 2, for pinions 
with Gothic-shaped leavesy is arranged in the 
same way. 
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eith eircnhrl'i-rouiiilfit 



^. VKtiai'ii. vertioialni.v«ti«i 




V.V,HL». 




Column, 


Colunm, 


Ogloam. 












Uctb. 




IC.^. 


bolloic. 


rflootb. 




1-200 


0-402 


0-209 




7 


1-180 


0-477 








1-1S7 


0-533 


0I.i7 




9 


1-UD 


0-572 


0-140 


1-ioa 


10 


1136 


0-6 U 


0-120 




11 


1-114 


0-640 


0-114 


1-093 


13 


110.5 


0-666 


010.5 




la 


1097 


0-684 


0097 


1'OKI 




1000 


0-701 


0-090 






I'OSi 


0-717 


0084 








0-729 


0-078 






1-074 


0-741 


0074 


1-0C3 


18 


1-070 


0-7.J1 






10 


i-06a 


0-760 






■20 


I'Oas 


ores 


o-oea 





"-^ TCB 2. — For pinioiu with 6othie-$haped 
^MTft, lit« the epiei/claid oh the icheel-ttrth. 

j^ '^■'tHialll. ViTtlcal.lII.r.TticaltT. rertial V. V.Tt™! 



*mh,r 


TfU6 

ilianwter. 


tHuicln-ar 




Diamrtrr 
InTc". 


^oiM. 


OdcoTW. 


E 


1-314 


0-402 


n-209 






1-270 


0-477 




180 






I -233 


0-333 










1-200 


0-572 










M88 


0-Gll 










1-171 


0-G40 


f 


114 


1148 




1-1.57 


0-6GG 








U 


114-5 


0-684 




n97 


1128 


14 


1-135 


0-701 




1)90 




15 


1-126 


0-717 


i: 


;is4 


1113 


IS 


1-118 


0-729 


(1 


;i7K 




17 


1-111 


0-741 


11 


;i74 






1-10.5 


0-751 


n 


1170 




10 


1.-099 


0-7G0 





IfiO 




20 


1-094 


0'76tJ 


0-063 





Commonly there aro but the sizes wanted 
^or iho full iliamelere, or inverted, for the 
"^n-iiiiitive diaiiictsrs only in making now 
'^inioni, the sizes for bottom and thiclcncss 
«f teelh will be i^itircd. 

Is 1660 Tyclio Urahe possessed four clucks, 
which indicated hout-a, minutos, and seconds; 
tbe largest had hut throo wheels, the din- 
meter of one of them being three feet, nnd 
containing twelve hundred teeth, a proof of 
the imperfect elate of clockwork at that 
period, lirahe also observed iiTegularities 
in his clocks dependent upon changes in the 
atmosphere. — Curiaoiliei of Cloctt J- Jf'atchei. 



mm in % «Jritffr. 



To tht Editor o/Tas HoROLoaicu, Jopbkai. 
CALENDAE CLOCK. 

£iR, — I have lately met with an eight-day 
clock {maker's name " Bowley, London,"), 
constructed to show the daj-s of the monUi 
and months in a peculinr way, but the 
greater part of the methanism having been 
romovpd, I am at a loss to know how 
the object was cffocted. I, therefore, forward 
two sketches of the diul, liopinj; that some 
reader of the Journal may be able to give a 
description ofit. 

Fig. 1 is a front view of the dial, in which 




the days of the month are shown by a hand 
round the nrch of thn di.ii, and the months 
on a circle in the centre of the nrcb. 

Fip. 2 is n li.iflc ri.-u- of half the dial, 
shoH-iiid the.li-,1. -, ,■;■■, ulij. h apro:ir to have 




month work, a, 
B, B, is part of the 



30 



THE HOROLOGICAL JOUKNAL. 



[OCIOBRB, 1874. 



fore-plate of the movement; o, the swing - 
wheel hole ; the d'b are sorew and steady pin- 
holes, apparently for screwing on springs ; 
E is the same, but around it the mark of a 
spring having been screwed in is disoem- 
able ; the f's are screw-holes, probably for 
studs, two of them in the fore-plate appear 
intended for wheels leading off from the 
nut on the hour-wheel ; socket a, is a screw- 
hole and steady pin-holes ; h, is a pulley on 
the arbor, carrying the day of the month 
hand; i, is the hole through the pulley, 
having a smaller hole drilled into it from the 
bottom of the groove, this is perhaps for 
fastening the Ime which passed over the 
pulley ; k, k, are two screw-holes, by which 
a wheel might have been screwed to the 
pulley ; l, is the screw and steady pin-holes 
for screwing the cock, h, to the back of the 
dial ; N, is the star- wheel of twelve on the 
arbor carrying the month hand ; the teeth 
numbered 1, are thin, 2, are twice as thick, 
3, is three times as thick ; it will readily 
be seen that the I's represent the long 
months, the 2's the short ones, and 3, Feb- 
ruary. 0. L. I. A. W. 



PALMER'S ESSAY. 



Sm, — ^The speech of our President, at the 
Mansion House, on the occasion of the Lord 
Mayor delivering to the successful compe- 
titors, the prizes for workmanship exhibited 
at the Institute, and which called forth some 
remarks from you in the March Journal, 
having been mentioned by some of the 
speakers at the annual meeting, permit me 
to say I am not disposed to thmk that those 
remarks made by the President were done 
with a view of throwing (as has been stated) 
cold water upon the proceedings, or that he 
thought his remarks were in any way damag- 
ing the cause of the Institute. May I ask 
you, sir, who had a better ri&;ht than our 
President to express his well-merited re- 
marks on the treatise or essay on the 
Balance Sj^ng by Mr. Henry Phillips 
Palmer ? Was he too hard on this subject? 
I myself wonder the paper escaped criticism, 
or was not more severely commented upcn 
by some of your readers long before it called 
forth the remarks made by Uie President. 

In the first place, the writer, Mr. Henry 
Pliillips Palmer, states ''Mechanics is the 
science of mechanical forces, divided into two 
great divisions, viz., statics and dynamics ; 
the former toadies us the conditions of forces 
when they are balanced in producing rest or 
equilibrium ; the latter treats of motion and 
how it is effected by force which is un- 
balaaced, coaaeQuently as the balance-spring 



owes its usefulness to a force contained 
within itself by which motion is given to a 
heavy wheel or balance," &c. Can the writer 
be aware that the spring itself has no power 
of communicating motion to the balance, and 
is the writer also aware that the motion 
given to the balance is through a train of 
wheels, and that the impulse to the balance 
is transmitted by the escapement, and that 
the spring is, as a controller, or] governor 
of that force so transmitted, and the laws of 
isochronism are determined by the length of 
the spring, for giving equal time in the 
long and short arcs of vibration? What 
sort of slogging machinery should we get if 
what is stated by the writer were true? 
E[is statement is, if we want to give a motion 
to a body of a given mass which shall cany 
it through one foot of space in one second at 
time, we must find out what amount of 
of force will do it, and to make the same body 
pass through two feet of space in the same 
time, twice the amount of force would be 
required, and so on. Why, sir, this is such 
trash, that the commonest school-boy whip- 
ping his top would contradict. Let the 
writer learn the laws of inertia, or the state 
of matter in rest and motion, and the given 
laws of mechanics, viz., that what is lost in 
power is gained in velocity, and that if 
velocity is to be gained, it must be at a saori- 
fice of power. By the writer's theory, to pro- 
ducd a certain amount of motion, say, in the 
balance of a watch, by the force or power of 
a mainspring ; it if will take, we will say, 
two ounces to produce a quarter of a turn 
of vibration, it would require four ounces to 
produce half a turn, six ounces to produce 
three-quarters of a circle, and eight ounces 
to produce a full turn of vibration. Was 
there ever such a theory asserted before ? 
and can anyone wonder at our President's- 
remarks on Prize Essays, in the presence or 
such gross blundering. 

Vibrations* which are performed in equal, 
times are called isochronous; and isochro- 
nism is the name given to a remarkable pro— 
perty of all systems which are in equilibrium, 
namely, that when disturbance is given, b^ 
the same more or less, the oscillations whicla- 
take place are all performed in the sam0 
time, or nearly, so that any acceleration or re^ 
tardation is imperceptible. Thus, when 9 
pendulum is allowed to vibrata till it rests, 
it will be found that there is no perceptible 
difference between the vibrations of longer 
and shorter extent, of which any reader may 

• This explanation of the word "isochronism " was 
given by me in a former letter to yoar Journal : a 
repetition of it here may be perfectly in its [dace. 
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satisfy himself by attaching a weight to a 
stringy and observing the vibrations. But a 
still better proof may be found in a musical 
string. The finest ear cannot detect any 
difference between the pitch of a note made 
by a smart blow on the key of a pianoforte, 
and that made by a gentle one, yet a very 
small difference in the number of oscillations 
per second would be perceptible, and the 
amount of disturbance j&om the position of 
equilibrium, is twenty or thirty times greater 
in the first case than in the second, when 
nader two different circumstances the longer 
space is described in the same time as the 
BQorter. It must be that the force acting in 
the first case is greater than that in the 
second, and it is sufficiently known from ex- 
perience that the more a system at rest is 
aistorbed, the greater is the effort which it 
makes to return* But in order that there 
may be isochronism, it is not sufficient that 
the effort to return should increase with the 
amount of disturbance, but the increase 
most take place according to one particular 
W. This law is as follows : — the force of 
'Bstitntion must be always proportional to 
the disturbance, so that whatever force 
^fdns to act when the disturbance = a, 
twice as much acts when the disturbance 
^ twice A, and so on for all proportions. 
^h^t this law does prevail when the dis- 
^bance is not great, either absolutely, or 
^ uearly that its error is extremely small, 
^'^y be proved both by theory and experi- 
ment. 

Xhe isochronism obtained in the balance 
of a watch is a perfect matter of adjustment 
P^ the balance-spring, suitable to the watch 
jtaelf, which length having been obtained 
^y repeated trials, the timing then must be 
^^^e by the equilibrium of the balance. I 
ha^ve BO faith in twitching and cramping the 
^*-^b pins for alteration in position, &c., 
^kich is a fallacy and mistake alto- 
S^ther. 

In conclusion, may I be permitted to 
^^gest to the writer, Mr. Henry Philiips 
palmer, to read and study the laws of falling 
^^es, and to read the description of Att- 
^ood's machine, also to peruse Mr. Hislop's 
^^^ctures on Mechanics and Mr. John- 
?^'e Lectures on the Pendulum, as published 
Ij^vols. m. and IV. of your journal, and then 
r^ will be convinced how much his theory 
1' iu the wrong, and how deep is the error 
into which he has fallen, which, if allowed 
^ pass uncontradicted, might have a ten- 
dency to mislead many of your younger 
'eaders. 

I am, sir, your obedient servant, 
ONUS PBOBANDI. 



JOHN HARRISON'S GRAVE. 

Sir, — ^A proposition is before the parish- 
ioners of Hampstead to enlarge their parish' 
church, which, as they are advised by Mr. 
Cockerell, can be done '* without encroauhingr 
upon the graves. " Some of your readers may^ 
not be aware that Harrison the chronometer 
maker is buried on the south side of the' 
church (supposing it to lie east and west) 
close to the footpath, and certainly within 
the disturbed area, if the proposed addition 
be carried out. 

May I hope that some member of the In- 
stitute residing in the neighbourhood will 
undertake to see that no violence is done to 
Harrison's grave, the inscription on which, 
by the way, will soon become illegible ? 

Your obedient servant, 

B. 



SAVAGE'S ESCAPEMENT. 

Sib, — ^Referring to my letter on this sub- 
ject in the September number of the journal, 
in the first sentence the word ''lever'' should 
have preceded the word '^escapement; and 
if, in the second paragraph, the word "velo- 
city " be changed for the words " rapidity of 
action,*' it will better express my moaning. 

Yours, &c. 

E. STORER. 



Sib, — I am glad to see in the journal for 
September that our old friend Mr. Storer 
still takes an interest in what is going on in 
Clerkenwell. 

He kindly takes notice of the paper read 
by me at the Institute on the 17 th June, 
and does not agree with me in the remarks 
I made on the lever and roller action of the 
so-called two pin escapement, invented by 
G. Savage. 

The substance of Mr. Storer's remarks 
amounts to this : — That with a 1 3*^ pallet, the 
objections raised against the two-pin escape- 
ment do not apply, but with a short-angled 
pallet the fault of abutting against the 
opposite corner of the notch, if not made 
wider than otherwise necessary, will occur. 

In the description he gives of an escape- 
ment which he once had in his possession, 
made either by G. Savage or his brother, he 
says the remarks I made about abutting do 
not apply. Perhaps not, but why ? Because 
the escapement Mr. Storor describes had I 
pallet of 15^. In that the whole secret lies. 

As Mr. Storer does not find fault with the 
adoption of such a large-angled pallet, which, 
of course, enables one to alter the propor- 
tions between any kind of lever and roller ; 
must come to the conclusion that he has a 
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not had any experience abont its perfommnce 
in the watch for any length of time, other- 
viae ho would have found that the 1 5° pallet 
■would require oiling evory aix or twelve 
laonthB to make it go at all with ft mode- 
rately strong mainspring. 

I feel certain, however, Mr. Storer must 
know, from the performance of watches with 
large -angled palleta in g&neral, always 
speaking of an escape-wheel with IS loeth, 
that Buch pallets are not to be recommended, 
for reasons which I have given on page 162 
of the HoEOLOOicAL Joukkal of July, there- 
fore bis conclusiona about "misunderstood 
principles" do not apply to my paper. He 
will no doubt see that the advantage of 
shorter lever and larger roller in the escape- 
ment he has described is obtained by sacri- 
ficing two other advantages. In the first 
place, the unlocking resistance would be 
much greater so as to cause the balance to 
set on the locking, with a hght balance. In 
the next place, ihe friction on the impulse- 

tlane would be increased eo as to cnuce the 
alancp, if heavy, to set on it. Further, the 
necessity for oil would be increased, eo as to 
require its more frequent application. It is 
well for the reputation of the English lever 
watch that a 16^ pallet is indeed almost an 
" JTnaginary " ore, and tlie ehorler-angled 
imllot iho one of general adoplion. Escape- 
ment makers know the disadvantage which 
" a lu" pallet has over the shorter one : such 
pallotaare never used by them. In fact escape- 
ment makers, who have been enga^d in 
making two-pin escapements for a groat 
many years, and only high-class work, in- 
form me that tliey never saw such a. pallet 
as Mr. Storer describes, and that Iho re- 
marks which I made about abutting, under 
BUch circumstances as mentioned in my 
jtnper, are quilo correct. 

I hiive no doubt we shall all agree as to 
iho "sound principles," but another thing 
is to agree as to which priniinlo is (he 
pi.itnder of two that come into collision with 
each other, and there experience can alone 
guide US. 

In the impiovemenis I have described in 
my paper I have been careful not to "tamper" 
with anv sound principle. 

W. Q. SC'HOOF. 
!)!), St. Jobu Street Road. 



f;0 C'Orm|?ontinrt5. 

I am iiiMch iil-/i'/rd in AV, >[akepiecb Howe, 
for ilw cBiiijilrli- and jirrtpiruoun reply to m;/ 
gufilion. Only two »mall ifeim require a word 
offjyfamtioH, ffifft » teheel iintal ? It the 



l/ie tool »hop»,jit for «*(? I thall he gUdof 
information (is to the entire procedure of mating 
a new roller, with a de»eripticn of Ihe tool* re- 
quired. I understand the size it s?i&ii/d he. — P. E. 

R. HoPF Atkinsoit. — Ait far as we eon 
judge from the information giiien, the wat^h wot 
prohahly made not long anterior to the date on 
the mainspring f\707j, nnd is not of much 
historical value. Themater, " Hiekard Rooker" 
tcgfi not a cetehrity; the name i> new to u*. 

E. I.. May. Defiakcb J3.%.— Thank* for 
your letter. At present m diplomas are ittued. 

J. B. — Of course offer cleaning, tchen going U 
time, the index of a Genera icafch should it 
near the centre of the eoet, so a» to allow the 
wearer room for ample adjustment on either tide. 






for the pierced wheels, at bought a 
op»,fit for 



A 7'reatise upon Jiailway Signah and Aeeidenls. 
By Ahchibald D. 1>awney, Assoc. Insi 
C-E. London : E. and F. N. Spon. 
While its title will no doubt ensure for 
this work an amount of popular attention 
owing to the alarming frequency of railway 
accidents, the admirable and detailed treat- 
ment of the subject render.') it of particular 
and permanent value lo engineers and other* 
interested in the construction of the toe- 
chnnism necessary for the safe working of 
railways. Mr. Dawney gives a conijilet* 
history of signalling apparatus and ascribe) 
the invenlioa of one of the earliest sema- 
phores to that remarkable and versa tila 
genius Dr. Kooke. 



De&th of Ut. Elaftenberger. 

With deep regret we record tlie death, at 
the age of 72, of Mr. C. J. KlaAenberger, 
one of Ihe Vice-Presidents of the British 
Horologicai Institute, which occurred on 
Saturday, September 19th, after a short 
illness, at his residence, 157, Regent Street, 
where he had carried on business for maof 
years, atting also as correspondent with the 
house of Breguet. 

h[r, Klaftcnberger was a skilful watth- 
maker, devoted to liis art, and possessed of 
exquisite taste. He was ever willing snJ 
anxious to co-operate in any propoyition 
likely to perfect any detnil or to advance tits 
trade generally. In bim the Inslitute has 
lost a great friend. In its early days he 
took a prominent part in the adminislralion, 
acting always with discrimination, and hsi 
at all times been ready lo assist with his purse , 
or advice as occasion reijuired. The first 
list of Council contains his name, and in 1860 
he was elected Vice-President, a. position he 
adorned until his dealh, whicli has fallen 
upon his frieuda an unexpected calamity. 
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DRAWING AND MECHANICS. 



Ihtboduotobt Addbsss, iy Mb. F. J. Bbttten, the J>irector of the Classes, m the re* 

assembling of the Pupils, Monday, 2^th September, 



It will not be inappropriate in oommenoing 
1 new session if, by way of outlining the 
ooime of study adopted, I make a few re- 
marks upon the most important points which 
liU engage our attention. The desire of 

the Council is that the pupils should be 
tiodit mechanical drawing, and receive 
m explanation as may be necessary to 
oable them to form coiTect judgments upon 
foestions in which the laws of mechanics 
tie involved. The knowledge imparted 
liere will be of a rudimentary character, 
troiding as far as possible all mathematical 
fimulas. It will be assumed that the pupils 
liaTB a fiEiir acquaintance with the rules of 
tathmetic; and, happily, in obtaining a sound 
ynsw of mechanics there are no problems 
ml?ed that cannot be resolved meenanically 
Mfdl as mathematically. 

The object of mechanical drawing is to 

^ipeiB upon paper a certain arrangement 

cf file parts of a machine as they exist in 

fte mmd of the draughtsman, in such a 

BUnaer that any mechanic who is able to 

^ a drawing, as it is technically called, 

^ have conveyed to his mind precisely the 

*^ arrangement and proportion in every 

Mieular; so that, in fact, he could, if 

^Biffed, cause the machine, no matter how 

^BQi|dex, to be made exactly as the drauglits- 

F ^^ intended, even to the selection of the 

^teriala to be employed, without one word 

^ inrtraction or explanation. You see, then, 

Hl%t mechanical drawing is merely a means 

^ an end. The drawing is not made for the 

^^e of displaying any artistic ability, but 

^^t the person selected to design the machine 

^y think over, and devise, and arrange all 

, ^ details, so that when the construction of 

^ ^lle machine is commenced, all delay in 

Nanning, and waste consequent upon altering 

^)le parts after they are made, are avoided. 

I am sore you will agree with me, that 
^e ability to produce a drawing of that | 
Vind is of almost supreme importance to the j 
l^echaniCy and yet, I say it advisedly, if! 
^e except engineers, the accomplishment is 
%IiiiO0t ankDawn in England. Far more 



attention is paid to free-hand drawing ; and 
when mechanical drawing is taught, it is 
rarely carried beyond reproducing one 
drawing from another, perhaps altering the 
scale to which it is drawn, the study pro- 
bably culminating in the production of an 
isometrical perspective gorgeously coloured, 
looking very nice, but being absolutely 
useless. You see the means has been mis- 
taken for the end. No more application 
would have been required to enable the 
pupil to produce from an intricate model, a 
plan, an elevation, and a section, than was 
involved in drawing the useless isometrical 
perspective. 

Suitable copies will be placed before you 
until your hands become accustomed to the 
instruments ; but &fter you can join your 
lines neatly, all time spent upon cppies would 
be wasted, for you may practise from copies 
for twenty years, and then you would not be 
able to place your ideas upon paper in the 
manner I have defined as essential. The 
real art must bo acquired by practice from 
machines or from models of them. Machines 
are the better practice, because the eye sooner 
appreciates the correct proportion of the 
different parts in the scaled drawing. 

Before commencing a drawing, carefully 
consider the relative space your drawing 
will occupy on the paper, and draw the 
centre line of each intended view, that vou 
may not be dismayed when it is half finished 
by finding the paper short on one side and 
all the margin on the other; not rapidly 
with a rush, but, as the drawing cannot be 
correct unless the centre lines are drawn 
with exactness, you will grasp the stock of 
the square with the left hand, and with a 
moderately hard pencil, sharpened to a louf 
fine edge, somethmglike a carpenter's pencil, 
held perfectly upright in every direction, 
slowly trace die required line. And be sure 
to test whether it coincides with the square, 
and should the least error occur do not 
scruple to rub it out. 

You will soon observe what views are 
necessary; for, unless the object to be de- 
picted be a globe, one view alone is useless. 
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Give two, three, or forty views if essential 
to the co^lplet6Il6as of the dravring, but 
remember Uktt a)l unnecessary drawing i& 
waste, not only of your own time, but of the 
time of all who may have to work from 
your doElign. Endeavour, as far as possible, 
to measure continually from the base or 
from the centre line, instead of drawing one 
line first and measuring another from that, 
and the next liile from me preceding, and so 
forth. There are many points that ex- 

Eerlence alone will teach you. I fear it will 
e no use my saying, DanH press too hard on 
your compasses at starting. You will have 
to undergo the misery of large holes in the 
centres of your circles before you will pay 
attention to that. In spite of anything 1 
may say you will be sure to ink in some 
detail that is hidden by something in front 
of it, and have to scratch it out, which you will 
also, no doubt, do with the point of a knife, 
making a kind of gntter in the paper. No 
warning of mine will save you m>m the 
mortification of seeing the appearance of your 
drawing spoiled at last by patchy colouring, 
caused by working with a brush too dry or 
too wet, or by going over one part twice. 
However, by d^t of perseverance and prac- 
tice you will be able to draw, but if the 
machine when made is to act as you intended, 
it must have been designed on sound prin- 
ciples. 

POWKB IS DEFINED AS FORCE MOVING 
THBOUQH SPACE, AND IS MEASUEBD BT THE 
AMOUNT OF FOBOE AND THE DISTANCE THBOUGH 
WHICH IT IS MOVED IN A STATED TIME. So 

that, in considering the amoimt of power 
that may be at your disposal, you will always 
have these two factors — the force, and the 
speed with which the force is exerted. And 
the amoimts of these two factors are inter- 
changeable, without affecting the amount of 
the power. There is precisely the same 
amount of power in 1 pound moved through 
20 feet in one minute, as there is in 
20 pounds moved through 1 foot in the 
same time, or the reverse. Indeed, the 
sole employment of machinery is to alter 
the speed or change the direction of some 
motive-power supplied. In no case and by 
no contrivance can this motive-power be 
increased, nor can it be diminished or lost. 
In every piece of mechanism a portion is 
absorbed by friction or by the resistance of 
the air ; and the skill of &e mechanic will^be 
directed to reduce to the utmost extent 
the amoimt of power thus withdrawn from 
its intended use, by selecting, in each case, 
the mec&anical aids best adapted for attaining 
the desired result. There are various con- 
trivanced known to mechanicians for altering 



the speed or direction of power — ^the le* 
the screw, the inclined plane, aad mi 
others. In many treatisea on meduak 
few of these are selected, and ooUed 
mechanical powers, which is an Ay^iJM^jjiJ 
unfortunate definition, since power obumi 
generated by any of them, nor by ft. a 
bination of them, nor, indeed, hj anj bm 
nism whatever. Then the principle of iM 
often separately discussed, leading to mM 
of misleading rubbish about the poinpipi 
merits of the screw and the levM^ii 
whether the most power is gained^ 
lever of the first, or the second, or die 4 
order ; with the almost inevitable remit 
perplexing the student, often leading 
erroneous notions, and even causing mm 
waste a life of energy and ingenuity 
seeking foir some device whereby they il 
obtain perpetual motion. 

Here is a sketch of an imaginary maehi 
composed of some of the contrivances Ilu 
named, calculated to convert a preston 
10 pounds into one of 15,360 poaa 
Although, if such a conversion were requn 
it is hardly probable that this arranmp 
would be adopted — it is too compuoi 
and the travel of the lever must be limilri 
yet it is impossible to say what would, 
the best arrangement, unless every diei 
stance connected with the work were phc 
before one for consideration ; so that, yoB a 
talking about the relative advantages oft 
lever and the screw in the abstract is man 
wasting time. The judicious arrangsw 
in any given case will ever depend upon I 
common sense and experience of the desiga 
If it were likely to be of any real bol 
to you, I would give ydu a separate mbl 
ascertaining the effect of interposiog fl 
one of them ; but the principle of allM 
the same it is not only unnecessaiy, h 
would be confusing, ^actly a* theftm^ 
increased so mmt the speed he diminishtif 
the reverse. That is the universal ]as$t^ 
matter what the medium ; and if p 
thoroughly understand the subject, inilit 
of being helplessly dependent on rules vMij 
will sooner or later lead you to sontfH 
diculous error, you will be able toreflb 
any mechanical problem that oconA I 
practice in the shortest and most confiidl 
manner. We will just trace the resobA 
of the 10 pounds into 15,360 pound%tf 
then, I trust, the whole matter will beck 
to you. 

Let the pressure of 10 pounds be o( 
stantly applied to the handle which is attad 
to the fly-wheel at such a distance firom ' 
centre of motion that it describes a didk 
inches in circumference (that is, at abosl 
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). Now if the pinion hare 10 teeth 
8 wlieel with wliioh it goaa 40, it is 




int, fbr every revolntion of the pinion 
Bol and the screw to whicli jou see it 
'iiad. will make just one-fourth of 
[on; and, if the screw be a. quarter l. 
L pitch, it will evidently move the nut 
1 or downward, but ■j^'jth of au inch 
) quarter of a revolution. Let the 
e of the end of the lever attached to 
aw be from their common centre twicp 

the end marked with the arrow. 
(circumfereDCes of circles being to 
her as their radii) that while the long 
U move through ^th of an inch the 
)nd will move through only ^\ni of 
li. Now the handle in making one 
ion passes through 48 inches, eo 
^ : 48 : : 10 pounds to x, or to 15,360 
Now, suppose the handle make 
rerolutions per minute, 16x48x10= 
onita of power. And while 7-680 
f power are exerted at the handle, 
Xl6'360 = 7,680, or exactly the same 
r of units are evolved at the short 
the lever. 6o that power has been 

gained nor lost. 

machine has hitherto been purelv 
Lcal ; the parts have been considered 

weight and the booringe of no size. 

1 and other retarding influences have 
le considered. 

ion is defined as the resistance expe- 
when one hard body is rubbed upon 
r, caused by the tendency of the aspe- 
'hich exist on all surfaces, however 
polished, to interlock, together with 
mal attraction which bodies have for 
ler, and possibly some electric action, 
idency to interlock is observed to be 
'ong when both surfaces are of the 
laterial, and is greatly reduced by 
ine substances whose atoms are dis- 
The force necessary to overcome 
varies directly as the weight or 
I with which the bodies are kept in 
is quite independent of the amount 



of surface over which thewei^tor preasnre 
is spread, and is unafiFected by the velocity 
of the motion (that is, withm reasonable 
limits; were exceptionally violent motion in- 
duced probably the atomic attraction would 
ahsr the character of the resistance). Al- 
though the amount per revolation or per 
foot of space passed through remained the 
same, of txiurse, by doubling the velocity, 
the lum of the friction in a given tims 
would be twice as much. On moderately 
polished surfacM, such as are to be found 
m ordinary machinery, it may be taken at 
about -i^th of the weight. It does not vaiy 
very oonsiderably whether the surfaoee are 
respectively wrought-iron and cast, wrought- 
iion and gnn-metol, steel wid gun-met^, or 
wronght-iron acting with any of the many 
patent allocs known to engineers, who in 
each case select the most siutahle material, 
having in view the oost, pressure, vefocdfy, 
means of construction, fto. In experiment 
and in machinery with very finely polished 
surfaces it has been brought as low as ^th 
cif the weight. If the surfaces are too small 
in proportion to the pressure, they will be 
Mipidly worn away ; and if the distoopor- 
tion be very great, one or both of the sur- 
faces will be destroyed by abrasion, rendering 
motion difficult or impossible. With most 
substances used for the acting surfaoes of 
machinery in motion this abrading action 
would veiy quickly develop itself were the 
surfaoes ulowed to oome into absolute con- 
tact, therefore a film of some lubricant ia 
interposed, which of itself has a retarding 
influence ; but in machinery of any size or 
weight the amount is veiy small, compared 
with the friction pn>P^t^ — the attrition of the 
metallic surfaces. The viscidity of the un- 
guent employed is also proportioned to some 
extent to the weight ; but it is possible to 
have the weight so small that, even with 
the most fluid unguent, the adhesion of the 
iguent shall be far greater in amount than 
the attrition of the metallic surCaces. In 
the balanoe-stafF pivots of a watch, for 
instance, there can hardly be said to be 
friction at all, the whole resistance arises 
from the adhesion of the oil, which is 
exactly proportionate to the extent of the 
surfaces in contact, instead of to the weight; 
and as the fluidity of the oil cannot be kept 
constant, owing to the action of the metalUo 
aur&ces and tne atmosphere, the varying 
sum of the resistance is a source of great 
I>erplexity, as all watchmakers know, ^ey 
wisely make the surfhces very small in cases 
where the greater part of the resistance 
arises from the adhesion of the oil ; but to 
wilfully reduce the bearing gurfaw wbea 
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friction predomioateB, as in often done in 
clock plates, shows lamentable i^orance. 

Matter, you know, is naturally in a state 
of rest. The power required to set a body in 
motion is directly proportionate to the 
. weight, but varies ia me same ratio as the 
square of the velocity ; so that, of two bodies 
of the same weight, but one travelling twice 
as fast as the other, the one with twice the 
velocity would have invested in it four times 
the power of the other. It is not necessary 
to discuss at length the laws of falling 
bodies. Tou are all, no doubt, aware that 
the force of gravity, although stronger the 
nearer the earth's centre is approached, may 
be taken to be practically constant in the 
comparatively small range through which it 
acts on falling bodies, aud that its force is 
Buch that a body attains a velocity of 32 feet 
during ono second — its motion being uni- 
formly accelerated — and that, to attain twice 
tlie velocity it must pass through four times 
the space, that ia to say, that gravity, a 
constant force, requires to act through lour 
timca the distance 10 impart iwico the velocity 
toany body. If any other force be substituted 
for gravity, the same conditions must be 
observed, and the power necessary tfi over- 
come the inertia of matter must increase as 
the square of the velocity to be attained. 
Tet, as a mistake is often made in estimating 
this quantity, even by those who profess to 
understand the laws of falling bodies, and 
as it is of the utmost importance that this 
should be clearly impressed on your minds, 
I will beg from you a moment's consideration 
of this diagram, which will show that the 
necessity of the power requisite i'or over- 
coming inertia increasing as the squares of 
the velocities, is in exact agreement with 
our axiom, "that velocity and force are 
interchangeable." 




Let a distance of, say, -10 feet, from A to 
B, bo divided into four equal spaces. If a 
ball of a known weight require one wnit of 
power to project it through tho first space 
(to 1) it would clearly require another unit 
of power to carry it through the second 
space, because all the spaces are equal; and 
another unit of power would be juat sufficient 
to propel it through the third space, and in 
fact four units of power would be used in 
taking the ball through the four spaces. 
Now if, instead of applying iheae four units 
o£ power oopai&taly, the ball bs charged with 



them at the outset of its motion, it will BtOl 
pass through the four spaces ; bat the (bui 
units of power applied at once will not stait 
the ball at four times the velocity with which 
it was started by tho one unit. For, sup- 
posing the initial velocity in the first csm 
to have been, say, 30 feet per second ; u 
the motion had ceased when the ball ar- 
rived at the end of the first space, the ave- 
rage velocity would have been equal to 10 
feet per second ; and if the initial velocity 
consequent upon applying the four uuiti of 
power together were 40 feet per second, at 
the end of one second its velocity would be 
reduced to 20 feet per second. The mean be- 
tween 40, the initial, and 20, the ulttmate 
velocity, is 30, so that in one second the bsQ 
would have travelled 30 feet, that is to 3, 
and would still retain a velocity of 20 fe^ 
per second, which we have already seen in 
the first case was sufficient to carry it throngb 
one apace. So that, although four times the 
power will only impart to a body double ibe 
velocity, tho body will, if allowed, travel 
four times the distance before its motion ii 
exhausted. 

There is no more elegant example (if . 
utilising the force of gravity than the pet- 
dulum of a clock, where the power reqiuW 
to lift the bob when the pendulum is started, 
is used to carry it to an equal height on llie 
other side of the vertical line ; the loss ircmi 
the resistance of the air, &c., being made op 
by a slight pressure communicated throu^ 
the train at every vibration. If this preasnrt 
be more than is needed for the purpose, the 
bob ia lifted a little higher each time; or, if 
deficient, a portion of the power invested ia 
the bob in. starting it has to be used euk 
vibration, until the amount of the elemenia 
opposed to motion and the power tranamilt*d 
through the train are exactly balanced. Tbs 
time of the vibration being governed by ti* 
distance between the centre of euspenaioB 
and the centre of oscillation of the pendulul* 
which determines the steepness of tho oarrs 
in which it moves. 

On account of the power neceasaiy W 
overcome the inertia, it may be advisable to 
make those pai'ts of a machine which h*^ 
an intermittent motion, such as the Is^^' 
and pallets of a watch and those wheela to 
the train of a watch or clock that have any 
appreciable velocity, aa light as possible; 
but where the motion is continuous, tb| 
details are usually designed without regar^i 
to the power which would be absorbw i" 
overcoming the inertia of the various part*, 
for the velocity once attained, no furthflt 
power would be absorbed, and even that oeao 
ia atartiiig the mactiiiie.would aot be Ic«^ it 
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would be atilised in keeping the machine in 
motioii aflei tlie moliTs-power vob vith- 
drawD. 

The resfatance to motion offered by the 
uz most be taken into account in some oases. 
It mar be taken to vary as the square of 
thevelocity, and the amount of power necee- 
eazy to overcome it will be ia proportion to 
the square of the velocity also, if considered 
with reference to a given space travelled 
through, but must vary in the same ratio as 
the cube of the velocity if the amount of 
power consumed in a certain time be ez- 
peased : for instance, if a body be moving 
through the air at the rate, say, of 100 feet 
per second, only twice the power would be 
upended in causing it to move through 100 
Mt in half a second, aa far as the resistance 
of the air is concerned ; but four times the 
powar would be used p€r second, because, 
Jon tee, the body would move through twice 
fts distance with twice the velocity. We 
no demonstrate thia by the aid of the dia- 
finiD aud with precisely the same reason- 
ing we uaed in considering the ^wer 
tipended in overcoming the inertia of 
bodiei. 

Time haa not admitted of my doing more 
ftu glancing at the most important heads 
tfthe beautiful science upon which your art 
ibiaed; but I trust that I have said enough 
tottakenan interest in your minds, and 
tt eoHUre that, even if you have gathered 
IW httle knowledge, jou will commence 
Va studies in the right path untrammelled 
Bfiny false principles or misconceptions. 



springing open, as k, f. When occasion re- 
quirea, fix the block in a vice np to the 
shonldera, o, e, fig. 2, and place the socket 
(or part with the hole in it) of the hand, in 
the conical hole, with the end out through 
the slitjprees the split end of the punch finoly 
down on it, and ataike it a few taps with a 
hammer, turning the punch round a little 
after every blow. If it is a minute-hand, turn 
it over and repeat the operation on the other 
side, this will Keep in nearer in shape ; if it 
is an hour-hand, after closing the thick part 
of the socket in this tool, put the thin part in 

of a series of conical holes (they need 
not be so long a taper) in a steel block; 

5 and 6 , and strike it with a hammer 



INL FOR CLOSIHO WATCH HAHS- 
HOLES. 

%)ended are sketches of a little tool 
4dt I find very useful in jobbing ; it is 
fcdoring the holes in the hands of English 

¥tgi. 1, 3, 3, represent^a block of steel of 
^ ue shown, haidened and tempered, with 
' onical shaped hole in it, as I have en- 
'minred to diew. In fig. 1 the circle in the 
■iddle is the top of tlie hole. Fig. 2 shews 
knr die hole would look if the steel were 
J^ down tbe loiddle through the hole. 
^n ia a alit cut right through from the 
<XWde of the steel block into the bole from 
^ to bottom, the outer comers of the slil 
^Ug bevelled away from each other, as at 
^1, fig. 1, which will make those comers 
ligk ia in fig. 3, c, d. 

Kg. 4 ia ft ponoli made of round ateel 
■tej and iplit aa shown,' with the ends 




thus will both top and bottom of the socket 
of tbe hour-hand DO closed, and may be made 
to fit very well. 

I have had this tool (except figs. 5 and 6) 
in constant use about 14 years, and find it 
answers the purpose very well; it will be 
seen to be the same in printdple as the tool 
used to make wedding rings smaller or 
larger. The split punch ia used to aroid the 
necessity for ponohea of different sizes. This 
tool will not do for tempered ateel banda. 
J. VIEOO. 



Clock amd Watohmakkks' AsTLini. — The 
Annual Festival will be held at the City 
Terminus Hotel, Cannon Street, E.G., at 
aeven o'clock on Tuesday, November 10th, 
1874. Mr. E. J. Thompson, Chairman of 
Committee, will preside. 

Ntw BouTu Wales. — Information has 
been received from the Post Office at New 
South Wales to the effect that watches and 
jewellery are no longer subject to Customs' 
dufy on arrival at tlut colony. 
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PRIZE SSSAT ON THE COMPENSATION BALANCE, 

AND IT8 ADJUffTMENXS IN CHEONOMETERS AND WATCHES. 

{The Baroness Burdett Coutts' Prise.) 

Bt W. B. CEI8P. 



{ CmtinntA from paqe 257 



OHAFTEB IV. i cold, and intermediate temperature. Ubdj 

watoh-makerB are not aware of this grstt 

. error of C'll seca. in 24 hours for btbtj 

U M detirahle thai a Statement he given of the degree of temperature in a watch with an 

eaute» of error, and of the LaKii that connect imcompeneafed balance; and before wm- 

the change* of Temperature with the timet of mencing the adjustments of a chronometer 

oietllatum. or vstch, it will be well to consider the 

Tee cause of error of the compensation amount of error to be compensated for in ■ 

balance is simply this:-The balance in "."S^ °^ temperature of 60=, which if) 6^ 

, , , . v iv _, «. 1 minutea: and this error th« ordmair oom- 

heat does not approach the centre tut ^^^^^^^^ ^^^^^ ^yi ^,^t t„ ^^^^ 

enough to exactly compensate for the loss of ^ ^th of a second for every degree of t»- 
the elastidty of the pendolnm spring ; and perature. From what has been stated il 
that in cold it recedes from tJie centre too ' 'be former Chapter, the error has beet 
shown to be 6 seconds for 60° of t«mperatnn. 
This error, strictly speaking, does not tsb 
place in geometrical progression, nor vil 
the error be so much as one second for Al 
first 10 degrees, but its error is thus :— 

SrcoDdl. 



For 10° . 



&Bt, or does not act in a geometrical ratio to 
eiaotly compensate for the spring's elonga- 
tion by heat, or by its increased elastii: force 
inoold. 

The Astronomer Soyal, by a series of 
experiments, in the year 1859, tried upon a 
chronometer with a plain uncompensated 
brass balance, by which it was shown that 
there was an nniform decrease of rate for 

equal increments of temperature measured - o ,„- « 

by a mercurial thermometer, amounting to ' „ ,, " *'' ■; " ".'i"; ■■,■■'"■" ,**',* 
6-1 1 sees. In 21 hours for each degreS of I *■?«> *"»« ?T"?L'*^ ^^ ^"^ *r«" o^.A* 
Fahrenheit's scale. I beUeve no other ' "f^o^^^"^ '""^ 1? ■""'*«•' ™ ""o™"^" 
authentic table was erer published in this ' J.^^^*,^,*^;^^- ^,^^1}^^_°°^^J^%,^, 
country, although the celebrated geometri- 



cian, Daniel Bernoulli* conjectured the same 
in 1747. It was established as a matter of 
certainty by Berthond in 1773, with the fol- 
lowing result : — One of his marine watches, 
in passing from 0° to 27° (Beaumur), 32° 
to 92° (Fah.), it was found that the loss per 
diem fey— 

SccoDda. 

Expansion of the balance was . 62 
The loss of spring's elastic force. 3 1 2 
Elongation of the spring 19 



balance and dividing the error, the mllo*' 
ing results will be given by a chronomttv 
timed in 60° range of temperature — 

At 90° = '"- ' 



, 60° 



2-7 




and on the other hand, the performance of 
the same chronometer with all the ernt 
carried over to the ccdd, will be 



= 61 



Sees. 393 o"6 ^13 ''*?« P"™K ^'> fTor to arise through the 
By a study of the table published by the ''fff'" "^^''l '*! *°^ 7 ^f elongsti* 
Astronomer Royal, it wiU *be seen that the °l ^^ "^ by heat, and the shortening pf 
error is the same with an nncompensated , J^^ same by cold, carrying with ittheruo, 
brass balance of 611 seconds for every thus altering its shape, and not remamug* 
degree of temperature. The change is t/ue or a perfectcircle under aU changes* 
relular and unUbrm, passing through heat, temperature. The balance by its piop« 

° ' ° [adjustment can be made to go aocamUHT » 

• C. Frodsham on " Tlie liochroimni of the two points of the thermomet«r, but at >l 
Balance Spiiog." ' other as seen by the diagnua Fig. 1. Ht 
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irc8 of the balance, being composed of brass 
ind steel, are so affected by heat as to curve 
awards, carrying the weights upon them 
learer to the centre, and thus diminishing 
he effective diameter of the balance at the 
ame time that the strength of the spring is 
"elaxed. But the centre of gravity of these 
ires does not approach or recede from the 
«iitre in a straight line. Excess of curva- 
ure would cause each arc to take a spiral 
mn; and in some positions the weights 
ipproach to or recede £rom the centre 
aster than in others. Hence it is found 
hat as the arcs straighten outwards, the 
unount of movement increases in a ereater 
iegiee than the spring becomes strengthened. 
tf we connect the centre of graviiy of the 
compensation weight with the junction of 
he avo with the arm of the balance bv the 
lotted line d^ we shall see that a decrease of 
eauMnitiire, straightening the arc, increases 
hi length of this dotted Bne. The amount 
if onward motion is therefore gradually 
ncMsed as the temperature falls, and with 
t the inertia, and the chronometer loses. 
Dnwings have been made, and theories 
iSMrtea ; but I clearly claim, by comparison 
tf ike tables given by the Astronomer Boyal 
Suit the real error of the ordinary compen- 
iitton balance is one-tenth part of a second 
far every degree of temperature ; and tiiat 
At balance, of ordinary construction is 
Citable of correcting, and does correct, 
■^tenths parts of the whole error of 6 j 
BQMes for a range of 60"" of Fahrenheit's 
AttQometer. 

Ais is the true cause of error thSit cannot 
^ eompensated for without the addition of 
^tdiaiy compensation or check-pieces, or 
JT balances of similar construction to Mr. 
^up's, Mr. E. J. Dent's, or Mr. Kull- 
"^'g's — the latter, as before stated, appa- 
tnitly combining the principles of the other 
^ ^tlemen's inventions. But in a com- 
••Kaal point of view no balance for general 
9^ performance has taken the place of 
«s oidinary constructed compensation ba- 
•*^, which if well and properly adjusted, 
^ error is shown, and takes place as 
^^^ularly as temperature is indicated by 
''erctiiy on the scale of a thermometer. 

In the works of a chronometer or watch 
^ barrel and fasee revolve so slowly that 
^ motion is quite imperceptible ; and through 
he teeth of this wheel is conveyed the power 
^ ibrce, which puts the whole instrument in 
i^pCion. Again, the escape-wheel revolves 
^ great rapidity, but with so little apparent 
over, that a very slight opposing pressure 
iO stop it altogether. Loss of power : from 
itan of die ofl| friotioui defective compen* 



sation, where will be the fine performance 
then unless the chronometer has had its 
isochronal and compensational adjustments 
carried out to all intents and purposes? 
The chronometer represents itsdf to be 
a time-keeper (with an error, it is true), 
which can oe tabulated with a degree of 
accuracy almost to determine the longitude 
within a mile for any distance. 

CONCLUSION. 

Ik writing this essay on the Compensation 
Balance and its adjustments, it has been my 
object to adhere strictly to the conditions for 
which the essay was to be written, and to 
give as much practical information upon the 
subject as my humble abiliiy permitted. I 
have carefully avoided all theories and pro- 
babilities, and given results obtained from 
practice and experience. Much has been 
written upon this subject before, but it has 
failed to give that practical information 
intended, and they have been mostly theo- 
retical publications. The chronometer maker 
looks to the seconds-hand, which tells him 
its true tale ; and how often has this hand 
denoted the tale of unsuccessful plans, false 
theories, and great disappointment : if this 
essay will prevent more of this loss of time 
and disappointment, my task will have been 
well fulfilled. In every good chronometer 
the practical and honest artizan imparts to 
it a value that cannot be seen, or displayed 
upon its highly polished surface, or outside 
case, which are looked upon by some persona 
as a thing of more importance than the 
intrinsic merit, or unappreciated talent be- 
stowed upon the chronometrical adjustments. 
The time and talent req^uired in bringing 
instruments up to the high degree of per- 
fection required for the especial performance 
of high-clcMS chronometers, such as I have 
alluded to in Chap. HI., is known only to 
those who devote their practical skill in 
endeavouring to attain this degree of per- 
fection. Excessive competition and a talse 
endeavour to please the eye have caused 
many men to lose sight of the requisite 
adjustments the ordinary compensation 
balanced chronometer is capable of, and is 
actually necessary that it should receive. In 
an honest chronometer the springer devotes 
his time and talent to isochronal and com- 

Eensational adjustments, for which he should 
e paid a fair price — as what labourer is 
more worthy [his hire than the man that 
really devotes his skiU and experience to an 
instrument whose true purposes are to 
determine longitude at sea? That this is 
not done in many instances, the tables given 
by the Astronomer Boyal and the tebmated 
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tables of tho liverpool Observatory fully 
bear ont m; assertiou. The adjustment uf 
auxiliary or secondary compensation- pieces 
requires a degree of skill and care in theii 
management, only to be given by a moa' 
practised hand; and will always prevent 
their betwrning generally applied to chrono- 
meters; and, as a rule, they are now only 
applied to chronometers placed on the 
annual comftetitive trials at Greenwich; and 
the performance of many of these chrono- 
meters is very bad, whibt the peculiar and 
diiKcult construction of balances, which are 
made with a view of removing the middle 
error temperature, frequently renders thi 
less permanent in their action, and mi 
liable to injury in the hands of a less skilful 
mechanic than the maker; far more so than 
those of the ordinary construction of balance. 
Every new experiment made, every new 
\F0rk completed, adds somewhat to our 

Eractical knowledge in this department of 
orology ; hut bo long as the materials wo 
tise vary in quality, are wanting in uniformity, 
and are subject to tho changes which moii^- 
ture, temperature, friction, and other circura- 
Atances impose upon them, so long must we 
Remain satisfied by having the errors of 
chronometers properly tabulated for theii' 
variations in temperature; and we must also 
be prepared to make large allowance for 
contingencies and variations which do not 
alwavs readily suggest themselves. 

The heavens alone supply the navigator 
with an unerring chronometer, a time-piece 
that needs no winding up, that never gel-s 
out of order, or needs repair, nor retjuires 
readjustment, that can never be deranged by 
accident, nor be deteriorated by nogleut. 
t'laced beyond the reach of sublunary 
vicissitudes, heat and cold affect it not ; storm 
and tempest may temporarily cloud and 
obscure it« face,* but can neither disturb 
its mechanism or alter its rate, and we 
fcnow that it will mn down, only when our 
concerns with time are at an end. 



Im Japan tho twenty-four hours are di- 
vided into twelve periods of time, six of 
which are appropriated to the darkness and 
BIX to the light. The day being calculated 
from sunrise to sunset, there is a, necessary 
variation in the length of the six day and 
BIX night hours, the latter being the longest 
in winter, the former in summer. The 
clocks are therefore altered periodically to 
suit the year. 



• ll is here list the chronomelcr Ijecomes ofiuch 
•arvice lo Ihc navigator when on the great deep, he 

/elj-iD£ alone on its perfbimuice for bis safety. 



TOOL FOB DRILLING Wi 
SENTS FOIL SIA 
Much has been done by Mr. 
introduce a system of uniformi 
of the same si^e ; but I have da 
that his admirable system is n 
adopted. If I have to make a e 
himter, at least 25 chucks are 
yet if I have a dozen to make 
require more chucks than to : 
believe the tool I am about b 
drilling off movements for diali 
many insfances a convenience 
decrease the mot of iirodtictioi 




A cylinder (A), receased as 
provided for each size of mi 
pillar-plate (B) is inserted. 
(0), having shifting pieces elid 
tails, is adjusted to fourth whei 
drill-holder {!>) is now attache! 
the screw and steady pins she 
holes drilled to whatever calipe 
been decided to adojit. 

Instead of the pillar-plat* ( 
being sent to the dial maker, 
template only ; and while the ( 
made, the watth may be esos 
the keyless work fitted. It is 
in watches made for stock, with 
thus registered, a named dial n 
stituted in a few hours by meif 
tho hands. The template aloi 
lo tho dial maker, the movec 
intact, and the cost of taking dov 
JOHN ; 
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WHEELS AND PINIONS: THEIR SHAPE AND DIAMETER. 

By BIOHABD LANGE, 

GlasshitU, Saximy. 



(Continrndfr 
To measnre all theBO parts, and to calca- 
hte them witlkout difficulty, m; father first 
iatrodiiced (now thirty years ago) tlio 
metrical measuTing syBtem for watca-irork, 
which has since been used in all our watch 
ud mechanical workshops. It is perfect in 
dtiOT, and suits well for calculation, because 
ill unaioos are quite decimal. Ist. For 
hn diameters we employ the metei- 
■imte, the millimeter being the basis or 
■IL Sad. For measuring the height and 
kMBif die thickness of smaller parts, and 
ulrdltbe stoutness of sinks, we employ 
tWii^di measure, which in shape and per- 
iHMBn is like the Swiss gauge, only the 
■Wli Prided into 1D0 parts, each of them 
MMlO'l of a millimeter. 3rd. To measure 
l^%test parts, the thinnest and smallest 
4|i(ti^ as diameters of pinions and pivots, 
■ttalher devised and constructed the round 
IPrmieteT, which indicates the hundredth 
WiofK millimeter, equal to one degree, as 
I jl Balled here. 

Jhwe measuring instruments aredescribed 
jptdy by'Mr. Martens and by our celebrated 
ftiM Ur. GroBsmann in his "Treatise on 
WSetached Lever Escapement." 
^V 'th« aid of these instruments all the 
Mhmt sizes of wheels and pinions can 

She measured so long as the teeth are 
numbered; but it would hardly be 
__ [o to measure the full diameter of 
loums whose teeth are of uneven or odd 
pomber, because opposite to one leaf there 
■upace, or the points of two teeth are 
pt^uured on one side, whilst the full tooth 
" measured on the opposite side. The 
~"" d quanti^ is hence r + o. 




■Tllereforei i^ the fifth column of the pre- 
••^ t^dE0, the proportions are given for 



om page 29. J 

pinions with uneven teeth, as are 7, 9, 11, 

13, &c. 

The quantity which is to be measured is 
firand eiUier by measurement or by calcula- 
tion. 

By calculation it would be / = r + a, and 
a being ^^ r cos a, I =^ r -^ r cos a. 

Tttlh of wkeeh. — Having thus found a]I 
the proportions necessary for pinions, there 
only remains to determine the diameter of 
wheels, which is much easier. The breadth 
or thickness of each tooth is supposed to bo 
the same as the clearing or space. If thus, 
my father found that the distance of the 
primitive from the full radius, or, what is 
the same, that the length of rounding or 
epicycloid will be the same as the breadth 
or thickness of one tooth in any wheel with 
epicycloid al form. 

Hence ; Thickness •= space = length 
or: a = b ^ c 




therefore, we have to add one tooth-breadth 
on each side of the centre, or two teeth- 
breadth, equal to one distance of two teeth, 
to the whole primitive diameter, in order to 
have the full diameter of the wheel. 

Having seen that, in finding the full 
diameter of a wheel, we have to add to the 
primitive diameter one distance between the 
points of two teeth, which latter is to be 
found by multiplying the primitive diameter 
with ■ equal to 3'H16 (*, the relation of 
diameter to circumference is aa 1 to 3'14I6) 
in order to find the circumference, and 
to divide by the number of teeUi, iu 
order to get the distance from one tooth to 
another, or one division. Commonly there 
need be no such accuracy for the divisions 
or thicknesses of wheel-teeth, often it will 
be sufiicient knowing it approximately ; we 
find it only on dividing the full diameter by 
the third part of the number of teeth. If, 
for instance, the full diameter of a wheel 
were 16*", and the teeth niuaber=:60; 
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then the distanae of two teeth vould 
be = 16 : V = 16 ; 20 = 0-8'" nearly.; 

Though the accuracy of full diameter will 
perhaps not often be wanted, I nevertheless 
mve in the following table the valuee of full 
aiametere, calculated after a constant primi- 
tive diameter of 1. 

Sxample».—-ll the number of teeth id 
a wheel, and its pitch-diameter, ae well afi 
the nomber of leaves in the respective pinion 
are given, now to transmit the force and ve- 
locil? from the wheel, and the number of 
revolutions in a uniform manner, wo ascer- 
tain the pitch -diameter of pinion in relation 
to the size of its wheel in the Ibllowing 
manner : — 

Theteethofwheel being 80 i the size = ~ 
The leaves of pinion ,, 10 ; the size = x 

Then we have this proportion : — 
80 : 10 = 20 : « 

lOj^O 

'=- 80 ^^ 

(The pinion is to be eight times smaller than 

the wheel, because eight revolutions ol the 

pinion to one of the wheel ate desired.) 

Now having thus calculated Ihe pitch, or 
primitive diameter, equal to 2-5'" , we find 
in Table 1 the full diameter for a pinion of 
10, by multiplying this primitive diameter 
of 25 by 11256, which givea = 28H"° ; 
this hEis to be the full or true diameter for a 
pinion with circularly roanded leaves. 

In order to find the diameter ol ground or 
bottom for this pinion, the calculated value 
of 2-5 ia to multiply by 0611, which number 
will be found in the third vertical column 
of Table I. 

In the same manner we find the thickness 
of one tooth on multiplying 2-5 by 0-1256, 
indicated in the fourUi vertical column for 
this pinion of 10 leaves. 

ExampU 2. — If, on the contrary, the full 
diameter is given, and we wish to know the 
primitiTe diameter, it is found by dividing 
this given Aill diameter by (he number in- 
dicated for the respective pinions in the second 
vertical column. For iuBtance, we know by 
measurement the full diameter of ptnion, 
and the primitive required. The full 
diameter is = 6 and the number of leaves 
= 12; in the second vertical column we 
find for the full diameter of a pinion 
with 12 leavea the number 1-1047. There- 



" 1 047 



foro, the primitive diameter will b 
= 5-43. 

Sxample 3.— Suppoeing the primitive 
diamatei of pinion u 3-4°™, tlie ntuabfs of 



leaves = 12, and the number of wltetl- 
teeth = 60, and it is required to find tha 
primitive diameter of wheel and the M 
diameters of wheel and pinion. 

The wheel would require to be exacflj 
five times larger than the pinion, bec&iue 
60, the number of wheel-teem is 5 times 12, 
the number of pinion-leaves ; for as 60 (tb 
number of teeui) is to 12 (the nnmhei of 
leaves) so is 5 : 1. Hence, the primitin 
diameter of wheel = 2-4 X 5 <=■ 12, 

Tha full diameter of this wheel would 
bo found on adding to the primitive diamets 
of 12 one distance of teetn. Knowing tb 
circumference (which ia to be found lij 
multiplication of the primitive diameter Ij 
■*) we have to divide by the number m 
toeth = 60, in order to find the distanoe of 
teeth. 

Hence the distance of teeth will be : 



12 X 3-1416 37-699 



= 0-628 



this will be the addenda to the primilin 
diameter, and therefore the full diamet* 

= 12 X 0-628 = 12-628. 

Approximately we find, as before eaid, lb 
distance of two teeth, on dividing the piimi- 
tive diamet«r by only the Uurd of tb 
number of wheel-teeth, which would be i" 
this example : 



= 12 : 



t 12 : 20 = 0-6' 



theiiill diameter would become: = 12+(Ht 
= 12-6™, instead of 12,628, which will b« 
BulBcient in most cases. 

In the following table I give the measnm 
for the full diameters of wheels from 10 ta 
100 teeth. The method of conStructin{[ tliii 
table is thus; — Calculate or determine tlM 
primitive diameter of wheels and it« nnmbfl' 
of teeth, and multiply this diameter by tli* 
number opposite to that of the teeth noabtf 
in the table ; and this product will be ll» 
desired full diameter. 

The calculated primitive diameter of * 
wheel of 60 teeth be fbr instance 13~", hen* 
we find in the table opposite to the teeth 
number of 60 the niimDer 1052, by wti><b 
the primitive diameter of IS*™ is to be idi>)' 
tiplied. The full diameter thenfon >* 
13 X 1052 -= 13-676™ ; or, inverted, »!>« 
the full diameter of 13'676, and theteetli 
number 60 wero given, we had to divide 
[3-676 by 1-052, which again pvM tb> 
primitive diameter of 13™. 
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Ar thtfuU diameUr of leheeU from Bpedmens in this eMtion ensuring for th«m 
tttti; the primitk* diameter beiitf due attenticnt. A tazu of Berpentine marble, 
tlid production of Mr. Frederick &eoi^e 
Bradbury, of Fenxanoe, takes tbe first prize — 
the silver medal of the Turners' Company, 
with their freedom and the freedom of the 
City, — fox original design, together with good 
work. A pair of large rasea, also of ser- 
pentine marble, attracted umveisal admira- 
tion; the vorkmanship is unsurpassed, and 
they are of exquisite contour, but the de- 
Bign is not original ; so they are awarded the 
second prize — the bronze medal of the Com- 
pany and a sum of money. They are the 
work of Mr. Christopher Stone, of Lizard, 
who took the fourth prize in last year's oom< 
petition ; a pair of smaller vases, of very 
fine outline, taking the third prize— a certi- 
ficate of merit and a sum of money. These 
were produced by Ur. John Nankirvis, of 
Lizard, who took the fifth prize last year. 
Mr. Nankirvis is further distinguished from 
the fact that his vases have been purchased 
by one of the judges. There were also a 
fine pair of vases by Mr. Fethick ; a chalice 
of fluor spar, shewing great merit, by Mr. 
Boden ; a very oreditaDle fiower-etand of 
alabaster, by Q. T. Stevens, an apprentice, 
aged seventeen ; and many other specimens 
of stone-work, all eood. Having in view 
the number of exhioits, the quality of the 
work, and the designs where originality has 
been attempted, the competition in this sec- 
tion must be considered entirely successful, 
and must have given grest satisfaction to 
the judges, Sir G. QUbert Scott, E.A., Pro- 
fessor Weekes, R.A., and Mr. .W. Vazie 
Simons. 

Although, strictly, lapidaries' work is not 
turning, there is no industry to which the 
Turners' Company could have offered their 
prizes as an incentive to perfection with 
Detter effect ; nor could the time have been 
more fitly chosen. Just now the art of dia- 
mond polishing, so long monopolised by the 
Dutch, is being revived in England i and 
contests, such as that of which we are speak- 
ing, are exaotly calculated to awaken a spirit 
of emulation and rivalry among the appren- 
tices. The lapidary work was divided into 
four classes, according to the material worked 
npon and the character of the work. In Class 
A(ruby, sapphire, emerald, spinel) Mr. Fred. 
Oarritt, an apprentice, aged 19, secures the 

Elace of honour, taking the chief prize for 
ipidary work — the silver medal of the com- 
Esny and the freedom of the City ; Mr. li. 
'Nochold wins the second prize — a certificate 
of merit and sum of money ; and Mr. John 
Gorsuoh the third. In Class B (topaz, aqua- 
marine, crymlite, jargoon, amethyst, rook 
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!UBB£SS' C0MFETITI0H8. 

ace with the announcement made 
conditions of competition were 
specimens of workmanship exe- 
esponse to the invitation of the 
^mpany, were exhibited at the 
louse from Monday, 19th, until 
i4th of October. 

»ts of prizes had been oflfered — 
:cellence of design or workman- 
1 in the production of articles of 
par; the second for lapidaries' 
las or gun-metal being the ettpu- 
rial in the third competition, 
tering the room where the articles 
layed, the visitor was at once 
to the beautiful collection of 
stone and spar; tbe size of the 
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crystal, garnet, peridot) the first prize — a 
bronze medal and sum of money — falls to 
Mr. Alex» Wallace, for a faceted cr3rstal 
locket ; the second to Mr» Nochold, the third 
to Mr. Alex. Watts. In Class G — seal-stones^ 
carved garnets, turquoise^ onyx &c.)^ Mr. 
Vincent Albertoldi secures the first prize, 
— a bronze medal and sum of money, for his 
remarkably fine shell and cross of carbuncle ; 
and Mr. Henry Giles Spencer the second, 
for carved onyx shell, bow, and flower, of 
great beauty. The exhibits of Mr* Alber- 
toldi and Mr. Spencer have been purchased 
by Mr. Hunt and Professor Tennant, two of 
the judges for the lapidary work, a mark of 
appreciation, gratifying to the artists and 
their employer, Mr, Ford. In Class D, 
(diamonds) Mr. Snoek takes the first prize, a 
bronze medal and sum of money. Mr. John 
Parsons, who wins the second, and Mr. Alex. 
Watts, who takes the third prize in this 
section, are both in the employ of Mr. W. 
Ford of Red Lion Street, by whose energy 
diamond-cutting has been established in 
Clerkenwell as an English industry. Mr. 
Ford's workmen have entered into the com- 
petition with spirit, and carry off many of 
the prizes awarded for lapidary work. The 
judges for this section were Mr. John Hunt 
(Messrs. Hunt and Roskell), Mr. James 
Norman Foster, and Professor Tennant. 

The show of turning in brass or gun- 
metal was very meagre. Mr. Thomas Ros- 
siter, of Bristol, takes the first prize for a 
pair of tazzas, of gun-metal, and a model of a 
steam-engine of the table kind. Mr. Wil- 
liam Bickle, of Wandsworth, secures the 
second prize for a binocular microscope ; and 
the third prize falls to Mr. Cohen, for a 
watch-stand of brass. The fourth prize is 
given for a brass candlestick and a vase, 
both very poor in design and execution. 
The judges for this section were Mr. S. 
Jackson of Bed Lion Street, £.C. ; Mr. J. 
H. Evans of 104, Wardour Street, W. ; and 
Mr. H. Porter of Cary's, 181, Strand. We 
were astonished and disappointed to learn, 
that with the exception of the watch-stand 
shown by Mr. Cohen, not one specimen of 
turning in connection with watch or clock- 
making was sent for competition, due un- 
questionably to the busy state of the trade ; 
in every branch manufacturers experience 
the greatest diffictilty in getting their re- 
quirements met just now. However much 
the cause may be a matter for congratula- 
tion, we still regret that horologists were so 
poorly represented. 

The prizes were distributed by the Lord 
Mayor at the Mansion House, Monday, 26 
October. 



THE SIDESEAL CLOCK AT THE SOTA] 
OBSERVATOBT, OSEEHWICH. 

Will you allow me space to suppk 

ment the account of the GFreenwich Siderei 

Standard Clock, given in the October numbe 

of your Journal, by the following particolan 

In addition to what is there already men 

tioned, the clock possesses a contrivance k 

altering its rate by very small amooid 

without stopping it. A small weight, slidoij 

on the crutch-rod, can be raised or lowem 

by turning a nut at the crutch-axis. A M 

steel spindle passes from the nut downwazJi 

parallel to the crutch-rod, through the sail 

weight which is tapped to receive the scm 

cut on the lower portion of the spindk 
Thus, by turning the nut, the position of ft 
weight on the crutch -rod is easily changs 
and the clock-rate adjusted to any deoiy 
nicety. It is to be remarked that a pna 
shift of the weight produces the same amoa 
of change as if it were at the bottom of 111 
pendulum, but in the opposite directe 
The arrangement might be applied iS 
advantage to any astronomical dock. 

Further, as regards the barometric ineqpi 
lity, the Astronomer Boyal has now arraogw 
a plan for its correction, which has bea 
applied to the clock by £. Dent & Co., am 
appears to fulfil the desired object. Iti 
foimded on the magnetic principle, long 
viously in use in die Observatory for 
correction of the Mean Solar Standard 
(as described at page 90 of Vol. VII. of tfc 
Journal). Two oar magnets are fixed tvi 
tically to the bob of the clock pendulum, oi 
in front, the other at the back, but wil 
their poles in opposite directions. Beta 
these a horse-shoe magnet, having its pob 
opposite to those of the pendulum-magw 
is carried transversely at the end of one aH 
of a horizontal lever ; the extremity of tk 
opposite arm being attached by a vertitf 
connecting rod to a float in the lower logo 
a syphon barometer placed in one comer o 
the clock-case. The rise or fall of the prio 
cipal barometric column raises or deprease 
the horse-shoe magnet ; and, increasmg o 
decreasing the magnetic action between: 
and the pendulum magnets, corresponding 
influences the rate ; the apparatus being, i 
experiment, adjusted so that the chBii( 
produced shall compensate for the previous 
observed disturbance of rate. 

WILLIAM T^LI 
Boyal Observatoiy, Qreenwich. 
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Hor o/Tbk HonoLoaiOAi, Joubhal. 

ISOCHBONISU. 
[perceive "Onus Proband!" under- 
le principle of isocIironiBiii ; and 
1 not think it too much trouble, 
take it as a ^eat favour if he would 
ivhat way the mechanical power of 
whirling a balanced wheel around 
izie, b; a small leverage through 
angular spaces, is analogous to the 
J principle he speaks of. 
is no occasion to bring watch-work 
jnMtion, bocauae it is sot a subject 
1 to watchmaking ; if the analogy 
irored, the fact tvill exist if watches 
xiat, and would be applicable to the 
balanced wheel ever mode, when 
by a spring, as welt as the most 
re balance put iu a watch. It would 
dviaable to leave friction and atmo- 
cesistonce out of the question, bo a: 
>e the Bubject to pure isochronal 
e. 

Yours, Ac. 

UNIQUE. 



.aventor of the dead-beat escapement, died 
in 1751 , it is doubtlessly more than a oentnry 
old. It ia in excellent oonditioii. I have 
personally known it goin^ for forty years, 
and tlie diary work is not m the least worn. 
It is a weight striking clock with dead beat 
escapement and maintaining power. 

Tbe following is a description of the per- 
petual diary. 




-In the course of a criticism of 
1 Essay in the October number of 
■nal " Onus Proband! " says, "the 
isochronism are determined by the 
f the spring for giving equal tioie in 
J ot short arcs of vibration." Will 
or the readers of the Journal b}- 
iie length of spring possessing that 
', or how such a length can be ob- 
He also states that " the timing 
en be dene by the equilibriam of the 
," Perhaps " Onus Probandi " will 
Sue what is to be understood as tho 
brium " of the balance by which the 
a to be done. 

I am, &c., 
F. E. 



CALENDAE CLOCK, 
rhe clock mentioned by "O.L.I. A. W.' ' 
October number is a perpetual diary 
7 simple and effective kind. I havo 
net with but one. On the dial i.-> 
A " Graham's Successors, Barklev 
dley, London." As Graham, the 



On the frame of the clock is a wheel, not 
shown in the diagram, in connection with 
the hour-wheel, and revolving once in 24 
hours. On one side of this wheel is a pin 
Dear the periphery, and on the other side a 
pin near the centre. The outer pin moves 
the piece K every revolution, and the inner 
pin moves the day of the month-wheel A 
one click also at every revolution. The 
wheel A has 62 teeth. 

In the centre of the wheel A, on the under 
side, is a. small grooved whnel or pulley, on 
which a piece of catgut F is wound, the end 
of which is fastened to the spring Or, fo that 
when the click Q is jnished out of the teeth 
of the wheel A, the wheel flies round until 
stopped by the banking. This banking is 
shown at H, whero the dotted pin fixed on 
the wheel A is pressing against a, dotted 
screw passing through the upright side of 
the bar. Of course the dotted parts in the 
diagram are hidden from view. The month- 
wheel B has 12 teeth, and is moved by a pin 
projecting from the under-side of the wheel 
A. In order to simplify the description of 
the action, wo wilt suppose only one pin tu 
beoatheunder-sideofA. When the banldug 
pin H is resting on the banking, let the pin 
on the under side of A be 31 teeth fi'om the 
port where it movos li one click when it 
oomes round to it. The 24-hour wheel now 
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revolving, its outer pia moves the piece E 
to the right. This disengages the click, which 
falls by its own weight into the teeth of the 
wheel A. In the diagram the click C is 
shown held up by a pin D, projecting i'rom 

C, being caught in the notch of the piece E. 
Therefore when the pieco E is moved to the 
right, the notch is moved away from the pin 

D, and the click C falls. The inner pin on 
the 2 i-hour wheel at every revolution moves 
the wheel A one click. The arm E is also 
moved by the outer pin each revolution; but 
as the notch of E is now above the pin D, it 
does not come into operation with G until 
the 3 1st revolution of the 24-hour wheel, 
when the month- wheel B is moved one tooth 
forward by the pin on the under side of A. 
When the wheel B moves one click, one of 
its teeth, in passinc^ the wedge-shaped pieoe 
I, which projects m>m the under side of G, 
moves up the piece 0, so that the pin D again 
catches m the notch of E. The dick now 
being raised out of the teeth of A, the wheel 
flies back by the force of the spri ng G, until 
stopped by the banking. We will now 
proceed to the months having varying num- 
bers of days. The wheel B is composed of 
three wheels superposed on each other, the 
lowest one has 12 teeth, the middle has 4 
teeth for the months of 30 days, and the 
upper wheel has 1 tooth for February. The 
wneel A has three pins on the under side, 
of three different lengths. No. 1 is placed 
at the 31st tooth, is the longest, and engages 
the bottom wheel of B. No. 2 is shorter, is 
placed at the 30th tooth, and works the 
middle wheel at B, and the pin 3 is the 
shortest, is placed at the 28th tooth, and 
engages the upper wheel at B. These pins 
are on the under side of A, but their rivets 
are shown on the upper side numbered 1, 2, 
3. The three wheels of B are rivetted 
together as one solid wheel. Therefore the 
click C is raised, and the wheel A flies back 
to the first day of the month, according to 
the number of days in the month, carrying 
with it the day of the month hand. The 
month-hand is fixed to the arbor of B. By 
a simple arrangement leap-year might be 
provided for. 

£ remain, yours, &c., 

E. WEBSTEE. 
Queen Victoria Street, E.G. 



SAVAGE'S ESGAPEMENT. 

Sib, — ^As I neither commended nor con- 
demned the 15 -degree pallets^ Mr. Schoof a 
conclusion regarding my experience is not 
strictly logical; reticence is not evidence of 
inexperience : besideSy be my knowledge 



upon the subject what it may, much or little, 
it cannot alter the construction of the " gold 
pin " escapement ; therefoie, his reflection is 
irrelevant. 

Not wishing to engage myself in a con- 
troversy upon a subject which scarcely admita 
of one, I studiously avoided all comment 
upon the theories appertaining to escapement 
making. The only purpose I had in new 
was to show by a brief explanation that the 
'' gold pin " escapement, as made by Mr. 
Savage, was not the defective piece of mecha- 
nism Mr. Schoof represented it to be. Ai 
he has not questioned the correctness of mj 
explanation, there is an end of the mattar, 
so far as my first letter is concerned. Hot* 
ever, as Mr. Schoof s reply demands fiutkai 
observations, £ will proceed, but with ti 
much brevitv as possible. 

The theories which are so earnestly premd 
upon my attention I have been lunXar 
with many years past, and have exparienoed 
their value. I quite understand fliat 
'< setting*' is an effect arising from theme 
of balances of an improper weight, and I 
also know, the same effect will arise from • 
wide escaping arc connected with a '' hig^" 
train, and a uiort escaping arc with a '* lot" 
train, and also that a defective wheel lA 
prove detrimental to the good perfonnaaei 
of an escapement : but whv use balaAoei d 
an improper weight, or why take a wraog 
way, when the right is so clearly defined ? 

One cannot enough admire Mr. Schoofi 
simple and ready way of making a ** gold 
pin '' escapement, — use a pair of 15-degiM ' 
pallets, and all incidental difficulties wiU 
be overcome. It is a remarkable diaoo- 
very, and a seasonable one, as the know* 
ledge of it will prove an acquisition to amateur 
watch makers of late years bom of oar 
Institute. 

Mr. Schoofs chief objection to the escape 
ment is the wide angle of the pallets ; hi 
should remember that a few years ago ink 
angle pallets meant wide escaping arcs, so^ 
is Mr. Schoof sure the changing ratee of 
watches under trial (he has had great ezge- 
rience) were not due as much to one evil ai 
the odier. Can Mr. Schoof show that the 
15-degree pallet, as adapted to the gold 
pin escapement, is not an exception to die 
rule> that the 15-degree pallet is bad in 
principle ? 

Mr. F. Cole thus expresses himself (Toll 
HoBOLOoicAL Joubnal), ** a steady and pe^ 
manent time-keeping principle oonsiste in 
the higher detachment," and therefore that 
escapement, whatever its construction, whidt 
offers least resistance in unlocking, and from 
this and any other cause allows the motiTO- 
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force to produce the greatest amount of 
vibratory motion of the balance, is un- 
doubtedly best calculated to realise those 
desirable ends. 

The ''gold pin " escapement is in strict 
conformity witn these conditions. 

But vould the thickening of oil upon the 
pallets derange these time-keeping proper- 
ties to the extent Mr. Sohoof imagines ? 
Consider this question in connection with a 
pair of 10-degree pallets, of a single pin 
escapement. In each case the escaping arcs 
are equal; therefore the wheels must pass the 
planes of their respective pallets in equal 
times: but the planes of the one pair of 
pallets are longer than the planes of the 
other pair ; the compensation for the differ- 
ence between the two is found in the 
decreased length of the lever of the long 
plane pallets, which is equivalent to an 
increased length of pallet-arm, which pro- 
portionably reduces the resistance of the 
pallets, to the wheel force, and allowing the 
wheel to pass the planes freely. In the 
other case while relief is given to the wheel 
Ibrce by a more obtuse pallet-angle, such 
relief is lessened by a greater proportional 
length of leverage, which, being equivalent 
to a short pallet-arm, serves to retard the 
passage of the wheel over its pallet-planes. 
I am inclined to think that some difficulty 
would be experienced (upon trial) in deciding 
dogmatically, that a change of rate in either 
the one or the other was due to the thicken- 
ing of the oil upon the pallets. 

lir. Cole objects to the reduction of the 
escaping arc by improperly enlarging the 
radius of the roller ; and recommends rather 
the reduction of the pallet angle. His further 
remarks upon this particular arc so explicit 
diat we must conclude ho had not in view 
the gold pin escapement. His meaning is 
limply this — having an escapement with an 
escaping arc of 36 degrees, and pallels of 12 
degrees, do not, in making another one, 
enmrge the roller, in order to reduce the arc 
to 30 degrees ; but instead use pallets of 10 
degrees. He makes no mention of the pro- 
portionate length of leverage ; this must be 
understood to be three out of four in either 
case. This is a very different thing from a 
correct proportionate enlargement of the 
roller. I introduce the objection, because I 
am inclined to think Mr. Schoof would 
''make capital" of it; for he seems to 
imagine that the " gold pin " escapement, 
having a wide-angle pallet, must necessarily 
have, also, a larger roller than one suitable 
for a 10-degree pallet ; but it is obvious that 
by varying the distance between the balance 
and piulet-holes, the rollers, though differing 



in proportion, may be made equal in 
diameter. 

Mr. Schoof's remarks about abutting 
" under die circumstances he mentions " I 
liave not disputed; they prompted me to 
write. 

My reflection upon Mr. Schoof was not of 
the sweeping character he represents it to 
be ; the sentence he has misquoted stands 
thus, — " Mr. Schoof will perceive how 
entirely he has misunderstood its principles." 

Mr Schoof will feel at liberty to reply to 
this, if he thinks fit ; for myself I must decline 
proceeding further in the matter; but, never- 
theless, most cordially respond to his kindly 
feeling expressed towards myself. 

Yours, &c., 

E. STOEEE. 



SiB, — ^Permit mo to make a few remarks 
on Mr. Schoof's letter in answer to Mr. 
Storer's lucid description and defence of Mr. 
George Savage's gold-pin lever escapement. 
Persons not thoroughly conversant with the 
principles and exactness essential to its per- 
fect rendering are liable to be biassed by 
Mr. Schoof's remarks, who, although [pos- 
sibly sincere in what he sa^s on the subject, 
cannot be accepted as an authority. From 
the fact that low-angled pallets have been 
generally adopted, the 15-degree pallet is 
liable to be condemned (without investiga- 
tion as to its merits), like the dog with a 
bad name : but it is a question whether the 
reduction of angle is not sometimes carried 
too far. The late Charles Frodsham (no 
mean authority) published a pamphlet some 
years ago, in which he states: "I will prove 
in my next the superiority of the l2-degree 
pallets over all others;" but whether he 
succeeded in doing so, I never heard. 
Qeorge Savage was perhaps the best pallet- 
maker we ever had, at any rate equal to 
the best at the present time. It was he who 
introduced the style of finish now adopted 
ip the best pallets ; yet he, the inventor of 
the gold-pin lever, made 15-degree pallets, 
as being most perfect for his -invention, 
although he made them with lower angles 
for single pin escapements, showing that it 
is necessary to consider the requirements of 
either principle ; consequently Mr. Storer is 
justified in not objecting to tlie long-angled 
pallets ; for the short-angles are the source 
of error, in which, the impulse-notch being 
at a greater distance from the centre than 
the discharging pins, the point of reception 
in the notch is carried past the impulse-pin, 
which, moving slower than the notch, it has 
left the opposite comer, when the wheel is 
discharged from the pallet- locking, and pre- 



48 



THE HOBOLOGIGAL JOURNAL. 



[KOVBICBBB, 1871 



▼ents it entering freely ; hence the necessity 
for widening the notch toprerent the abutting 
complained of, the impulse-pin having to 
drop the width of the notch before it can 
give impulse, instead of rolling into the 
notch, as described by Mr. Storer. 

Mr. Schoof tells us that an '' escapement 
with i5-degree pallets would require oiling 
every ten or twelve months to make it go at 
all with a moderately strong mainspring ; " 
that, with a lieht balance, it would set on 
the lockings,'' while it would set on the 
planes of the pallets with a heavy one. I 
will grant that it might do all stated, if made 
with theoretical and constructive errors too 
great even for the lever escapement to 
labour against. If the lever notch is wide 
enough for two pins instead of one, it might 
set on the locking^, or with an escaping arc 
of 5(f or 60^, as is frequently the case with 
Swiss levers, it would set on the pallet-planes; 
but it entirely depends on the proportion 
adopted. In a SO-degree escapement with 
long-angled pallets the unlocking is easier 
effected, instead of the resistance being 
greater, as stated by Mr. Schoof. The 
leverage corrects the apparent error. The 
increased radius of the roller presents less 
resistance to the force applied, while the 
short arm of leverage is more powerful to 
overcome it. Again the period of transition 
from locking to impulse is less, and the 
tooth of the wheel is enabled to glide from 
one plane to the other without the jerk occa- 
sioned by the short-angled pallet, particu- 
larly when accompanied by a wide lever 
notch. 

Mr. Schoof next informs us that it is well 
for the reputation of the English watch 
trade that a 15-degree pallet is almost an 
imaginary one and that escapement makers, 
engaged in making 2 -pin escapements for 
many years, never saw such a pallet as Mr. 
Storer describes. I can only say that, if so, 
those workmen are unfortunate, for they 
never made or saw a perfect gold>pin escape- 
ment without one, and the sight of a genu- 
ine Savage's escapement would be of service 
to them, for it is truly said that a thing of 
beauty is a joy for ever ; and such was the 
production of the Savages, independent of 
the theory developed, the execution was of 
the highest order, and far surpassed any- 
thing that had preceded it. 

In conclusion, I will draw attention to 
Mr. Schools last paragraph, in which he 
says : "In the improvements I have de- 
scribed in my paper I have been careM not 
to tamper with any sound principle." I 
will leave your readers to judge whether 
there is not grave tampering with sound 



principles. As for the boasted improve- 
ments I have looked for them in vain, and 
I can only say the watch trade is greatly 
indebted to Mr. Storer for his gallant defence 
of Savage's lever. 

I am, &c. 

J. L. TILLING. 
1, Elizabeth Terrace, 

Liverpool Eoad. 



[ JFe shall he glad to' hear further from Mr. 
Fewtrell,] 

E. Chaplin. — We cannot recommend mj 
patent agent ; we believe there was something if 
the hind in the Exhibition 0/1851. 

TuRBET. — It is true that if you double ik» 
diameter of the barrel you will only require half 
the weight ; but do not lose sight of the fad thei 
the weight must have double the fall. 

HoBORY. — Harrison^ s original timekeeper it 
at the Royal Observatory, Greenwich, 

J. Banks. — It is impossible to state with 
accuracy the time when wheel clocks were fird 
invented. Ingenious men of several centuria 
from Archimedes^ 200 years B.C., to Walllin§' 
ford, at the commencement of the fourteei^ 
century, have been named as the inventors of 
the clock, 

G. A. — You are wrong. Cast iron will 
stand afar greater crushing force than wrougU, 
and is therefore more suitable, under many 
conditions, for columns and the like. 

P. Pailubtt. — ^ you will favour us with 
your article complete, it shall receive our eon' 
sideration. 

I have lately met with an old verge watch, 
having gold cases marked with the initial letter 
h, three towers, and a thistle. Can you UU 
me where it was hall-marked and when ? — H.B. 
[^Edinburgh, between 2^th Septetnher, 1813, 
and 2Sth September, 1814.] 

P. E. will find the modus operandi of making 
a new roller described in Volume XIV. page 

124.— SiLEX. 

Bef erring to tJie question of J. D. as to 
whether, after a Geneva watch is cleaned and 
regulated, the index should be in the centre of 
the cock : as the watch will always lose when 
it gets dirty and the oil thick, I think it 
would be right to leave the index nearer is 
retard (or slow J , say between the screw and the 
extremity of cock. — ^A.D. 

F. Allebdino & Son, Sydney, N. 8. W. 
Subscription to December 1874 received^ with 
thanks. 

Can any of your numerous readers teUmeof 
the best way of silvering clock diah? — G.H. 
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[eeting for discuBsing Mr. W. B. CRISP'S Essay on the Compensation Balance, 

held on Wednesday, Noyember 11th, 1874.] 

Mr. John Jones, F.E.G.S., Vice-President, presiding. 



EtAiRMAN said the nsnal coarse would 

the discussion of the yarious points 
in a scientific paper should be pre- 
)y the paper itself being read. He 
; he might fairly assume, howeyer, 
[ the members present had carefully 
red Mr. Crisp's essay, and they would, 
e, take it as read. He had receiyed 
• from a gentleman well-known in 
ion with the subject of compensation, 
lame Mr. Crisp had introduced in his 
nd who, in the course of the letter 
le would now read, challenged some 
3risp's fundamental propositions : — 

Chairman, 

, — In a country where so much has 
ne to perfect the chronometer as in 
1, let us hope that the same striying 
rfection may be deyoted to it in future 
been deyoted to it in the past, and 
e will surely come, in 'spite of the 
rily inclined,' when tabulating of com- 
n errors will only be needed for the 
5apest of chronometers. Mr. Crisp's 
o tabulate the errors, although yery 

theory, I fear will take longer to 
:e than a perfect compensation, be- 
hat raters of chronometers, as a rule, 

captains, would haye the means, or 
le the trouble, to follow such adyice ? 
:perience proyes that perfect chrono- 
are more and more in request, at 
ably higher prices ; indeed, the ten- 

always to get a perfect thing, if it 

had. We also notice that, whereas 
' (not many years ago) ordinary 
eters were frequently seen on the 
ch trials, in spite of the alleged 
by of auxiliary compensations, no- 
at auxiliaries are found there at 
lent time. This striying after im- 
nt is unquestionably owing to the 
bseryatory trials, for which all chro- 
makers must be thankful. Mr. Crisp 
> series of trial numbers for seyeral 

yery good criterion of general ex- 
but not sufficiently to the point to 

actual state of compensation alone ; 
in fact, can be more misleading, and 



no man must know better than Mr. Crisp 
how much acceleration, escapement errors, 
imperfect adjustments, and bad oil, cause 
yery perfectly compensated chronometers to 
stand indiflferently on the lists. Mr. Crisp 
mentions seyeral well-known auxiliaries ; it 
would haye been well if he had explained 
more fully the causes of success or failure, 
because it is upon such points that the 
general knowledge is deficient ; the rough out- 
lines of the methods are generally well known. 
" Haying arriyed at the practical portion 
of the essay under discussion, I cannot help 
mentioning one or two little matters. If 
ordinary chronometer balances were made 
with the weights to fit, as described by Mr. 
Crisp, such chronometers would surely not 
go well; the notches should, on the con- 
ti*ary, not fit, but ba of larger diameter 
than the balance-rim, and be wide enough 
to permit it to moye freely both in and out. 
In explaining the cause of error of the ordi- 
nary oalance, Mr. Crisp adopts Mr. Charles 
Frodsham's reasoning in the Jury Report, 
1862 Exhibition. He says it lies in the 
circular form of the rim, and its imperfect 
moying of the compensation-weights to or 
from the centre. Why, may it be asked, 
does a flat-rim balance, although its rim 
remains concentric in changes of tempera- 
ture, and although the weights moye mrect 
to the centre, require to moye in a curye, 
and a considerable curye, to boot ? Because, 
if the weights did not moye in a curye, but 
only in a direct line, they would haye as 
great a fault as the ordinary balance, which 
shows that it does not matter which way the 
weights moye, owing to the smallness of 
the motion, but that the ordinary balances 
become more effectiye the fhrtber the weights 
recede from the centre, and less effectiye as 
they approach, thus maJdng it necessary that 
the weights should moye in a curye, in order 
to obtain a perfect compensation ; or, if a 
balance is not constructed to accomplish this, 
it must be proyided with auxiliary. How 
many failures haye not been made through 
this erroneous misinterpretation of the facts ! 
Mr. Crisp yery rightly says that my flat-rim 
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balance is a combination of Dent's and Hart- 
nnp's balances. So I say ; only there is this 
difference, that none of those balances are 
BoUd, nor have they flat rims. The similarity 
is about the same as Eamshaw's balance 
made out of a solid block, compared with 
Arnold's earliest bent laminae balance, or as 
between Eamshaw's escapement and Arnold's 
escapement — ^both those escapements haying 
'scape wheels and detents, only that they are 
somewhat altered. 

"To show that the position on the Green- 
wich lists cannot be taken as a proof of the 
perfect state of the compensation, I will only 
refer to an instance of a chronometer of my 
make, No. 1889, which went through all 
changes of temperature better than erer a 
chronometer has done up to the present time 
for exactly six months, but an error of nearly 
a second a day in ordinary temperature placed 
it fifth on the list that year (1869). In con- 
clusion, let me add that if a balance can be 
made to move in a curve through 30^ 65% 
and 100% Fahrenheit, it will, when perfectly 
free, as the flat rim, move still further, as 
I trust Mr. Crisp will be able to see. One 
of my flat-rim balances, which has been 
tried at Greenwich, happened once to be in the 
cold, with the thermometer at 0% still show- 
ing exactly the same rate. I can only regret 
that the severity of the trials, as in 1862, 
when two flat-rim chronometers stood at the 
top, have not been continued, although no 
doubt the trials, as at present conducted, 
are more beneficial than very great extremes. 

"V. KULLBERG." 

Any opinion of Mr. Kullberg on the subject 
of compensation was entitled to consideration. 
The members would observe that, whereas 
Mr. Crisp attributed the known error of the 
ordinary compensation-balance to the fact 
that the weights did not approach the centre 
of the balance in a radial line, but curled up, 
after the manner of a shaving — if he might 
venture to use such a simile— on the other 
hand, Mr. EuUberg asserted that if the 
weights were to approach the centre in a 
straight line, they would be wrong. There 
then was fair matter for discussion. He 
would now invite the members to mention 
any other point in the essay that required 
elucidation, or to which they took exception. 

Mr. Strachan said that from the excellent 
performance of Loseby's balance, reported by 
the Astronomer Hoyal, he imagmed Mr. 
Crisp would have developed in his essay the 
principle of its construction. Loseby's ba- 
lance was almost perfect in theory, and, he 
thought, might have been adopted in some 
form, notwithstanding the controversy on 



its accuracy between the Astronomer-Boyal 
and Mr. Denison. Mr. Crisp had done 
well in quoting the Greenwich rates, bnt 
he would have done better had he refeiied 
more fully to the Liverpool ^tem of tabu- 
lating the temperature error — a system of 
great practical value to the navigator, and 
could be applied to any chronometer. As 
an instance of its value he might mention 
that, while he was at the Chronometer Office, 
Captain David Smith, a member of the As- 
tronomical Society, showed him his n^ 
book from day to day. The result of Captain 
Smith's experience was that he was not more 
than one mile out of his reckoning the whole 
voyage, instead of 60, as he would probablj 
have been with an ordinair chronometer 
without the correction for the temperature 
error. There was really no difficulty in ap- 
plying the table. He thought all chrono- 
meters should be supplied with the table for 
temperatures of say fix)m 50"" to 85^ He 
was aware that in a voyage to Calcutta, for 
instance, a higher temperature would be 
encountered, but the temperature between 
decks would rarely exceed 85**. 

Mr. Crisp, at the end of his essay, led 
his readers to infer that in cloudy weather 
the chronometer was of the greatest use 
to the navigator. That must surely be 
an error. Greenwich time, as shown by 
the chronometer, was of no use to the 
navigator without local time obtained from 
an observation. Sometimes in roondiog 
Cape Horn they were for eight or ten dajs 
unable to take an observation, and, as a con- 
sequence, the ships having to be navigated by 
dead reckoning, they found themselves on^ 
or even two or three degrees, out. Mr. Crisp 
gave as the total temperature error for 60*, 
6 min. 33 sees. He should like to know if that 
range of 60'' must be between fixed points, 
as, say, between 30° and 90% or whether the 
same error would result in a range of 60% say, 
40"* and 100^ Would Mr. Crisp sJso say how 
he obtained the subdivisions of the error, as 
given on the table in page 38 of the joumal— 
if by experiment or not. 

Mr. Isaac said a feeling seemed to exist 
that the idea of this discussion was to depre- 
ciate the value of Mr. Crisp's essay. That, 
however, he trusted was not the case, de- 
ferring to Mr. EuUberg's letter, there was no 
doubt the compensation-weights dionld not 
be tight on the rims — the notches generally 
allowed an amount of play equal to one 
thickness of the laminas. Mr. EuUberg was 
also quite right in describing the weignt of 
his nat-rim balance as moving in a cure. 
The path of the weight was upward and 
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I9 or downward and ontward. He 
it it would be impofleible to make a 
pf iStob tanperstore error that ehonld 
to dl obranmnetem—tiie anm of the 
fwnHfleiro of flo many elements. A 
jtad denoDukd xsfm the position of 
Se^Ukl If at tihe point of fiexnre of the 
Ion to ibb -arm), Ma «rc were described 
i ndiiiB equal to the radios of the 
0, that arc would oat the centre of the 
e mxi, the rim, and the point where 
i carve wonld cat the rim should, in 
inian, be the position of the centre of 
n^bt No doubt much extra labour 

be iuYolyed in always pitching the 
to ibere, l3ut the result would be bene- 

When the weights were pitched near 
t in the rim, that chronometer inyari- 
ost in cold. But even though the 
» were always pitched in the place he 
idiciUied, the alloy of brass and the 
rould not always he of the same com- 
o, BO that to tabulate the error he con- 
1 out of the question. 

BiCKLEY said, in reference to a re- 
of Mr. Isaac, that the supposition of 
n of the discussion being to depreciate 
risp's essay was quite wrong. 
Glasgow thought that as the selection 

subject for that evening's discussion 
Sited with him, he should at once dis- 
all idea of depreciating Mr. Crisp's 

On the contrary, in suggesting that 
risp should haye an opportunity of an- 
g any question or meeting any objec- 
his only anxiety was that no part of 
n.y should be liable to misconstruction. 
kd always felt strongly that the pro- 
of the institute was to make the prin- 
of their trade known. He did not 
er the compensation of chronometers in 
factory state, and no real improvement 
^ to him to be made. They had 
ately heard of ships being lost through 
tes. Like the painters in going back 

pre-Baphaelite period for an inspira- 
hey must go back to some of their old 
•s lor an idea. The whole principle of 
nsation was wrong. Eleven-twelfths 
total temperature error originate in the 
, and, instead of unsuccessfally attempt- 
correct that error by a balance having 
3r of its own, the greater part of the 
lue to the spring ought to oe corrected 

source. Ue did not, however, think 
the final adjustment should be at- 
sd in the spring. That suggestion 
^om no less a person than the Astro- 
-Boyal himself. Bearing in mind that 
Ltrivances for correcting the errors of 



the balance in extremes of temperature were 
more or less unreliable, and many of them 
unfit for rough usage, he thought the best 

Elan was that (he believed) first suggested 
y Mr. Hartnup— tabulating the errors in the 
ordinary balance. He thought, on the whole, 
the council might feel satisfied with the re- 
sult of the action they had taken regarding 
these essays, and that the interest the trade 
would feel in Mr. Crisp's essay, and those 
yet to be published, would enable them to 
continue their exertions in that direction. 

Mr. Strachan considered the trials at 
Greenwich afforded a true index of the per- 
formance of the chronometers when at sea. 
The English surveys were the most exact of 
any made. He was aware that Sir Edmund 
Beckett, the president of their institute, had 
questioned the wisdom of the method of 
testing chronometers at Greenwich. He 
would suggest that the results of the French 
trials, published in the Rivue Ghronomilriqtie, 
should be reproduced for the benefit of the 
readers of their own journal. He rather 
expected a more minute description of Mr. 
Kullberg's balance in Mr. Crisp's essay. 

The Chairman thought that, bearing in 
mind the various adverse influences against 
which chronometers had to contend, their 
near approach to perfection was a matter of 
congratulation. The idea had often struck 
him whether the effect of the variations of 
temperature so apparent upon the balance 
might not exert an influence upon other 
paris of the chronometer sufficient te affect 
its rate. Whether the cock carrying tho 
upper part of the balance staff eztcnadmg^ 
f^her from its attachment to the plate than 
the potenoe whioh carried the lower end of 
the same stafl^ might not tend to throw the 
balance slightly out of upright, or even to 
affect the depth of the escapement. 

Mr. OusPy in reply to the remarks in 
Mr. Kullberg's communication, said ^tiiat he 
had never been an advocate of remaining 
fltataonagy, nor did he in his essay inisr that 
fkirtAier improvement was mmeoeflssrv. In- 
deed, he luid made the oomponnd nat disc 
as on auxiliary to the balance as long ago as 
1859, and exhibited one in the 1862 Exhibi- 
tion. In answer to Mr. Stradian, one cause 
of the non-adoption of Loseby's balance was 
the difficulty in attaching the glass tube con- 
taining the mercury. The error of 6 min. 
33 sees, was for a range of temperature fix)m 
30"* to 90% as stated in the tables given by 
the Astronomer-Royal. The subdivisions 
which he had tabulated he had proved by 
experiment. He agreed with Mr. Isaac that 
chronometers with the balance- weights placed 
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Dear the attachment of the rim with the arm 
performed well. 

He had fonnd a balance cat in the middle, 
and having doable weights, give good time. 
The reason that he had not more fully de- 
Bcribed Mr. EuUbei^B balance was that he 
had never been able tf> procure one. He 
was folly aware of the great value to navi- 
gation of the Liverpool trials and Mr. Hart- 
nnp's admirable eystem of tabulation. 

The Chairman proposed that the thanka 
of the members be teudered to Mr, Crisp for 
the practical, modest, and Inminons eesay he 
had given them. He thought it was the 
feeling of the membera that the subject of 
compensation should be further conaidered at 
their next meeting, which he announced for 
Tneeday, the 8th of December, when he 
hoped many more members who took an 
interest in the subject would attend. 




Gauge for Measuring the Comparative ^ ^ 

Strengtha of Balance Springs. j ofexphumtmn isno* r.'iiniru.l respectingfte 

iHAVEfonndthegangeBhownintlieaccom- ''"le tool (d) represeiit^-d by Gg. 3 Th 

panying engravings very useful, especially tweezer-hkepomis arc kept together, byto 

r^J .?,'', 1. 1. I'r^. r <,r.rinir fni-minrr nnr. nf ihn ^o<ra with >im1 

when It has been necessary to substitute for 



a BpriDg another of a different size or strength. 
Fig. 1 IB a view of the back of the gauge. 
Upon a plate of brass, like a common watch 
plate, is mounted an arbor, with a balance- 
spring of medium strength pinned in as 
(Fm. 1.) 



spring forming one of the legs, with jat 
sufficient force to grasp a balance-spnog 
tightly. But if both legs are pressed to- 
gether somewhere about o the poinU will 



(Fio. 8.) 





shown. Tne projecting nib a is carried 
round IVom its point of rest (that is, bearing 
against the stop, as shown by the dotted 
lines) nearly a whole turn, when it is pre- 
vented firom flying back by the catch b. 
Now, referring to the front view (fig. 2), it 
will be seen that the arbor is carried through 
the plate, and has a pointer, resembling a 
long seconds'-hand, attached to it. A word 



open. With this tool take hold of the tjt 
or inner coil of the balance-spring that ui 
to be discarded. The stout leg of the tool 
has a hole drilled np it to fit the end d 
the arbor of the gauge above the poinUi. 
Fix the tool upon the arbor, and, Wdioc 
the outer coil with an ordinary pair •■ 
tweezers (see fig. 2), push the knob l 
The nib a being released, the pointer flin 
hack some distance, according to the Btiengtli 
of the spring being tried. 

The spot indicated by the pointer beiif 
noted, ttie relative strength of an^ spring 
which it may be proposed to substitute ftr 
the one discarded may be asceitained wilb 
great exactness. The whole operation occo- 
pies but a remarkably short space of tiD^ 
and, in addition to the dial being subdivided 
into small divisions, it will be a great pnc- 
tical help if the spot indicated by the poutta 
for every number of springs in general dm 
be marked by corresponding numbers on tlw j 
dial. A. DALDOBPH. 
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AN ESSAY ON COMPENSATION, 

FOB OOEBEOTING THE ERRORS IN TIME-KEEPERS ARISING FROM CHANGE 

OP TEMPERATURE. 

BY JOHN GOTTLIEB ULRICH. 



Fkcac the Apparent simplicity of the Com- 
pAmtion-baliince, few people are aware of 
theiime that has been devoted to the subject, 
uA of the Tasfc amount of money expended 
eoito prodnction, thus far towards an efHcient 
OK both hy public money and private cn- 
l0]^»e (in England alone), without the 
gftnid desideratum being achieved. 

A brief account of its origin, and of the 
ghMipal development of the same, with the 
rdation of a few remarkable incidents, from 
which have emanated some of the most im- 
portant improvements in the Science of 
Horolofry, will, I trust, be acceptable ; par- 
ticularly to the junior branches of the trade. 



I therefore propose : — 

First, — To draw attention to the state or 
commencement of the art in the tenth cen- 
tury, and cf the slow progress of advance- 
ment made thereon. 

Secondly, — ^To point out, or give some 
acconnt of, what has been done towards its 
improvement, showing the discovery of the 
causes of error in time-keepers (or chrono- 
meters). 

Thirdly, — To offer some observations on 
what I conceive remains to be done. 



On the State of the Art in the Early Period, 

The first vertical escapement with the usual 
crown wheel of which there is any authentic 
record is that made in a.d. 99n, by that 
eminent ecclesiastic. Monk Oerbcrt, who was 
raided to the dignity of the Papal Chair, 
under the title of Pope Sylvester the 
Second. 

In the lllh and 12th centuries very little 
progress was made (or made known), but pre- 
vious to 1450 many very beautiful specimens 
of watch-work (about three inches diameter) 
woie made in Germany with the vertical es- 
capement and alarm work with a double 
hammer and striking train, with the usual 
locking-plate ; the same precisely as is ap- 
plied to the ordinary clock at present made 
in France and Germany. 



A heavier balance was needed, and a spring 
to its axis, but upwards of six hundred and 
sixty-two years elapsed before the spring was 
invented, which was done in 1G58, and then 
nearly twenty more before it was brought 
into a tangible shape and put in practice ; 
which, in the year 1675, was effected for 
the inventor. Dr. Hooke, by Mr. Thomas 
Tompion, in a watch made for King Charles 
the Second. 

In it a difficulty of a very formidable 
nature presented itself, which threatened for 
many years to prove an insurmountable ob- 
stacle in the way of rendering it worthy of 
the name of a time-keeper. 

Dr. Hooke was aware that the change of 
temperature would alter the strength of 
springs, hence the necessity of a Compen- 
sation (or self-acting regulator), that should 
act upon the spring on change of tem- 
perature. 

The making of this thermometrical agent 
was first attempted by Mr. Tompion, by 
attaching one end of the principal portion of 
a circular ring of brass to the regulator of a 
watch (now known as the curb), having two 
pins fixed to the other end, between which 
the balance-spring acted, traversing to and 
fro from the stud in a circular manner. 

In this plan of Compensation there was 
not sufficient action, and considerable time 
elapsed before the idea was conceived of ob- 
taining more. 

In the early part of the following century, 
the attention of Mr. John Harrison was 
directed to the subject with more success. 

In the first instance his attention was 
directed to the production of a Compensa- 
tion Pendulum, which he effected by a series 
of nine rods — five of steel, and four of brass 
— whose "bob," or centre of oscillation, 
should always be preserved at the proper 
distance from the point of suspension. It 
was attached to the centre rod. 

He afterwards constructed a Compensa- 
tion for a marine time-keeper, composed of 
two slips of brass and steel pinned together, 
the ends of which opened and closed against 
the spring near the stud. 
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In 1715 Mr. George Graham (an appren- 
tice of Mr. Tompion) inYented a Compensa- 
tion Pendalum, which consisted of a glass 
cylinder, abont seven inches-and-a-half high, 
nearly filled with mercury, placed in a stirrup, 
attached to the end of an iron pendalum rod. 

About the year 1734 many experiments 
were made by Mr. John Ellicott for obtain- 
ing good Compensations. For a watch he 
applied a curb to act upon the spring near 
the stud. At the London Institute, 
Finsbury Circus, there is a clock containing 
a very beautiful specimen of his new Com- 
pensation Pendulum, in which the " bob *' 
IS raised by the downward action of the 
brass rod upon the two adjusting levers on 
an increase of temperature, and, vice versa, 
lowered for a decrease. For particulars see 
the Philosophical Transactions of that date, 
1734-5. 

About that time (or shortly after) the 
attention of Messrs. Julien and Peter Le 
Eoy were directed to the production a 
marine time-keeper. 

They made several elaborate contrivances 
of Mercurial Compensation-balances, and 
one of a simple kind, of brass or steel 
(similar to that invented afterwards by Mr. 
Thomas Earnshaw), the particulars of which 
were published in Paris. 

Next came the great Ferdinand Berthoud. 
He made use of the simple Compensa- 
tion of Peter Le Roy, but with the 
addition of his adjustable traversing Com- 

Eensation-curb, and applied it to his cele- 
rated chronometer, No. 28 (recently in my 
possession, but in a mutilated state), the 
particulars of which are to be seen in his 
voluminous works published in Paris. 

The Compensation of Mr. Alexander 
Cumming was a curb of lamina3 of brass 
and steel pinned together, traversing be- 
tween friction rollers. 

The Compensation of Mr. Thomas Mudge 
consisted of two slips of lamina; of brass 
and steeU placed upon the curb of the old- 
fashioned silver figure, piece slides, the ends 
opening or closing near the stud. 

The Compensations of Mr. Josiah Emery 
(Charing Cross) were of the same kind in 
his celebrated watch for Count Bruhl. It is 
mentioned in the book published by the son 
of Mr. Thomas Mudge. 

In 1775 a patent was taken out by Mr. 
John Arnold for Compensation-balances ; one 
was effected by a spiral laminsc of brass 
and steel acting upon two levers to move the 
weights to and frotn the centre. 

In 1782 a patent was taken out by Mr. 
Wright (in the Poultry), for Mr. Thomas 



Earnshaw, for his fused and turned Com- 
pensation-balance, since in very general use, 
without any particular alteration, nntil a 
very singular defect was discovert in the 
principle of it, as well as those of Mr. 
Arnold, but which was not publicly acknow- 
ledged until about the year 1834, when it 
became manifest that, after an outlay or 
expense of upwards of £34,560 for reward 
and purchase of twenty-eight chronometers, 
and about £50,000 more for observatory 
expenses thereon, there was not one 
chronometer among them that would pre* 
serve a uniformity of rate under the follow- 
ing moderate changes of temperature— 
40^, 60^, 80^, of Fahrenheit. 

They would lose at 40^, gain at 60®, and 
lose at 80®, or, in other words, gain at the 
middle temperature, and lose at each side of 
the central temperature. This is now an 
established fact, and admits of no contradic- 
tion. 

This state of things (and the cause thereof) 
remained undiscovered until the year 1314. 

In the beginning of the year 1813 I had 
a chronometer under my care that had for 
many months kept a very steady rate of 
gaining about two seconds daily ; but on 
every Monday morning there was a discre- 

Eancy that could not be accounted for ; it 
eing always several seconds too slow. This 
being a two-day chronometer, and not wound 
up on Sunday, the correct adjustment of the 
main-spring was suspected and tried, and the 
isochronism of the balance-spring examined, 
when they both indicated that an opposite 
result ought to have taken place. 1 then 
suggested to my master the possibilitr of 
some polarity being the cause, as it was kept 
during the week with the figure VI to the 
north, and on Saturday night and Sunday 
with the y I to the south, when I was desired 
to take the balance-spring off and examine 
the balance, which I found took up its 
position as due north and south as a marinet's 
compass would do. Then the mystery wai 
cleared up, which was speedily made known 
to the owner, and I received orders fca a 
new balance and balance-spring, as that also 
was strongly nlagnetic. Upon telling my 
master that I need not get a new bdanoe 
and spring, as I could deprive them of 
magnetism, he did not believe it, but gave 
me permission to try what I could do with 
them. Within two hours they were both 
perfectly unmagnetised. This led to a dose 
examination of several other chronometers— 
to one in particular, which for some time had 
been performing very well. At the com- 
mencement of the severe winter of 1814 it 
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was placed on the top of the house, where 
its performance was so verj different from 
what it had been, that it was brought down 
into the shop again, where it soon resumed 
its former rate. 

It was then again placed upon the roof, 
when its performance showed that it was 
adyifiable to shift the Compensation-weight 
back towards the junction of the laminas by 
the bar, which was repeatedly done until it 
was brought to time in the cold, where it 
performed admirably. It was then brought 
into the shop again, when it was eyidenfc 
that the weights must be moyed forward, 
previous to the doing of which it was tried 
in the oven up to 120^, and then it was de- 
termined to shift the weights more forward 
than they originally had been, and to bring 
it to time from 90 to 100, and there to leave 
it (delivering it ultimately with three rates, 
at 40, 70, and 100). 

After this had been done and brought 
dose to time in heat, it was again placed on 
the roof in the cold, when it was clearly 
manifest that it was indispensable that some 
contrivance must be sought for that should 
make the weights approach the junction of 
the laminae at the bar upon the approach of 
cold, and recede from it upon the approach 
to heat, or, in other words, to be made to 
traverse the periphery of the balance, so that 
a greater quantity of weight should approach 
the centre of the balance for an increase of 
temperatnre to heat, than what should recede 
from it upon a change to cold. 

This was easier to talk about than to do ; 
bat by the beginning of 1817 I had devised 
the means of doing it, and although it 
appeared quite out of character to think that 
anything of the kind would ever be adopted, 
I felt quite satisfied that I should ultimately 
simplify the arrangements. I therefore 
showed my inventions to various persons, all 
of whom admired the principle, and gave me 
credit for the idea, although not the slightest 
hope was entertained by them of my ever 
being able to bring it into a tangible shape 
to r^der it generally practicable. 

I therefore directed my attention to the 
prodaction of an adjustable and traversing 
curb. One of the accompanying drawings 
at page 12 will give the reader some idea of 
t^e ntter hopelessness of the case to all 
appearance, as regards a balance, but it 
BDortly had the effect of doing some good. 

Being still proud of my invention (then 
so apparently useless), I showed it to Messrs. 
Brockbank and Atkins, and several others, 
who smiled at it, although they gave me 
cndit for the idea. 



Mr. Langston,'the clerk to Messrs. Brock- 
bank and Atkins, communicated my pro- 
posed improvements to Messrs. Parkinson 
and Frodsham. 

This aroused the attention of Mr. W. J. 
Frodsham on the subject of improvements, 
and induced him in 1818 to addbress a letter 
to the Right Hon. John Wilson Croker, M.P., 
then Secretary of the Admiralty, wherein he 
represented the important advantages that 
would result to chronometer makers, and to 
chronometric science in general, if their lord- 
ships should deem it worthy of considera- 
tion. 

In the year 1821 the Lords of the Ad- 
miralty commanded that a public trial should 
commence. Two proportionate amounts were 
presented for the chronometers most distin- 
guished for their superior performance. Three 
hundred pounds for the first, and two hun- 
dred for the second best. It was afterwards 
altered to three premiums of £200, £170, 
and £130. 

^' Another, and consecutive trials succeeded 
for thirteen years, at the conclusion of which 
their lordships considered that it was useless 
to continue them any longer, as out of about 
five hundred deposited on trial, no demon- 
stration of improvement appeared, no model 
constructed, or any feature introduced by 
which an accurate chronometer could be 
constructed, after an outlay of £34,560 for 
twenty-eight chronometers, independent of 
about £50,000 more for the expenses at- 
tendant upon them at the Boyal Observa- 
tory.'' 

'* But in order to stimulate the scientific 
chronometer maker still to pursue the at- 
tempt of obtaining the grand desideratum of 
producing a chronometer that should keep 
time in all climates ; and as the Act of 
Parliament, which authorised the reward of 
£10,000 being paid for the discovery of such 
an invention as would enable a chronometer 
maker to produce a chronometer that should 
keep time within two minutes in the year, 
was repealed in July, 1828, their lordships 
were pleased to cause a circular to be issued 
to all the chronometer makers, from which 
the following is an extract : — 

"* Their lordships being, however, still 
very desirous of advancing, to the utmost 
perfection, a machine of such value to navi- 
gation as a chronometer, they will occa- 
sionally reward any important improvement, 
either in its principle or construction, by 
which it may be either so simplified as to be 
materially reduced in cost, without being 
deteriorated in excellence, or by which a 
greater uniformity of rate can be insured with 
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more certainty under all yarieties of position, 
motion, or climate. 

" ' I am, Ac., 

** * John Babbow. 

"•Admiralty, Jan. 10, 1885.'" 

ThiB was the result of the stir I caused in 
1818 and 1821. 

After the attention of the chronometer 
makers above alluded to, and many other 
very eminent chronometer makers for the 
prerious century, had been directed to the 
production of an instrument to keep time in 
all climates, not one had been produced that 
wovlijifreserve a uniformity of rate under the 
foUowmg moderate changes of temperature 
—namely, 40®, 50®, 60® of Fahrenheit; they 
would be losing at 40®, gaining at 50®, and 
losing at 60® ; and at 80®, 60®, and 90®, 
many seconds per d^ wrong. 

This has been officially proved, and ad- 
mits of no contradiction, and, as is but too 
well known, has been the source of the most 
disastrous and fatal results. 

For confirmation of which statement, that 
chronometers of the first-rate manufacture, 
by the best makers, with Compensation- 
balance on the old principle of Arnold and 
Eamshaw, do gain at the middle tempera- 
ture, and lose at each side thereof, and at the 
extremes, I beg to refer to the reports of the 
Astronomer Boyal, published in the Nautical 
Magazine for October, 1845, p. 528, and also 
. to the following extract by the editor of the 
Nautical Magazine of the same date : — 

♦*To overcome this defect is the object to 
which all attempts at improvement are now 
directed." 

In 1824 I produced several specimens of 
weights for Compensation-balances contain- 
ing mercury, some in iron, and some in steel 
vessels, and some in ordinary glass 
thermometer tubes, each of which was con- 
demned by the Chief Commissioner of the 
Board of Longitude, Dr. W. H. WoUaston, 
as of an unsafe construction, and, therefore, 
decidedly bad. But the principle of a 
double-action balance, he admired, and said, 
" that I had got hold of the ' right thread,' 
and believed that I should simplify it." 

Berthoud states that one of the glass 
thermometers in Let Eoy*s balance was 
broken through a blow which the chronometer 
received during its trial on board the Flora. 
When I showed him an iron vessel containing 
mercury for the weight of the Compensation- 
balance, he asked me how I was to know if 
the mercury in either of the tubes became | 
separated, as frequently is the case in the 
ordinary thermometer, which he said would 



not only cause it to cease to act for what it 
was required, but would throw tiie balance 
out of weight. With a glass bulb a defect 
of the kind could be seen, but glass he did 
not consider safe, as the circumstance of 
removing a chronometer from one place to 
another might occasion it to snap, through 
placing the chronometer on a table rather 
sharply. This conversation led to a very 
important discovery. He inquired if there 
was anything particular about two chrono- 
meters that were alongside of my regulator 
at the time. I told mm no, only that the 
performance of them was so bad and extra- 
ordinary, that I knew not what to do witii 
them, the pocket one in particular. Hs 
next question was, do both arms of the 
balances act equally under difiTerent d^;rees 
of temperature ? I said I could not tell, as I 
had not put them to the test. He thea 
said, " Why not ? it would not take long to 
do.' * I very quickly took both chronometcTB to 
pieces, and the springs from off the balances, 
and after cleaning out the oil from the 
holes, I placed the balances in the upper 
plates, and secured them in an upnght 
position, and placed them in the oven. I 
then put the oar of each balance vertical, 
and set light to the lamp. In about a 
quarter of an hour the temperature had 
risen to 120®, by that time the bar had 
become horizontal. I then placed the bar 
of each vertical again, when both install* 
taneously resumed their horizontal position* 
Upon taking the lamp out^ and placing a 
basin with some pounded ice and common 
salt, the thermometer soon sank down to 40®, 
when the balances had reversed their former 
horizontal position, plainly showing that 
one limb of each balance had acted more 
than the other. In the balance of the pocket 
chronometer it was evident that the steel at 
one part did not adhere firmly to the brass. 
I then tried the efiect of a thin-edged pen- 
knife, which separated the two metaTs to the 
extent of one-fourth of the circumference 
with the greatest ease, while the other part 
remained firm. As tlie other chronometer 
had only been left with me to be cleaned, I 
could not interfere with or touch the balanoe 
of that, but which I have no doubt was as 
unsound as the other. This shows the 
absolute necessity for each balance to be 
properly tested in the frame or poising tool 
under various degrees of temperature fnaa 
SO® to 120® of Fahrenheit, which I veiy 
much doubt being done to many chrono- 
meters, although it ought to be done to all. 

{To he continued,) 
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ABSTBACT OF THE REPORT OF T 
DEPUTT HASTES OE THE HINT 

(C. W. FBincAVTLB, Erq.), 
FOB THE YEAB 1878. 



The sapply of silver coin dnriD^ the year 
has been ftilly maintained, owing m a great 
degree to the arrangement alr^y referred 
to^ under which ^ bltmks " for the coinage of 
£1,000,000 were ftamished by Messrs. Heaton 
and Sons during six months ending in March 
last. The demand has continued unabated, 
and the amount issued, £1,034,000, though 
less by £204,000 than in 1872, shows that 
considerable exertion on the part of the Mint 
has been necessanr to meet tne requirements 
of the public. Of the sum named, £578,500 
was issued to the Bank of England, £154,000 
to Scotch banks, £2,000 to the Bank of Ire- 
land, £222,000 to the Colonies, and £60,500 
for the treasury chests abroad, besides 
£17,000 in threepences delivered direct to 

E Irate applicants. The total amount of the 
ter coin issued is very remarkable, having 
risen from £11,475 in 1870, £12,600 in 1871, 
and £19,575 in 1872, to no less than £44,725, 
or 8,578,000 pieces, in 1878, and Bhows to 
what sudden and extraordinary demands the 
Mint is at all times liable. 

The ayerage market price at which standard 
silver bullion has been purchased by the Mint 
during the year is is. lO^d. per ounce, as 
against 5«. (yfgd. per ounce in 1872, so that, 
the rate at wUch silver coin is issued by the 
Hint being bs. 6 J. per ounce, the seignorage 
aocming to the State has been at the rate of 
7^. per ounce, or nearly 12i per cent., as 
against 5*. O^id. per ounce, or nearly 9i per 
cent, in 1872. The causes which have led to 
a graend depreciation of the value of silver 
bullion, and to a consequent increase in the 
profit on its coinage, ra-e too well known to 
need examination in this report. 

The usual return showing the sums ad- 
vanced to the Master of the Mint from the 
Consolidated Fand by the Treasury for the 
Imrchase of bullion for coinage, and the 
amounts re{)aid by the Mint to the Ex- 
chequer, during the year, is printed in the 
Bppendix. The balance of £513,029 shown 
in the return as due by the Mint to the 
Exchequer represents the amount of silver 
«nd bronze bullion in process of conversion 
into coin, and of the coin in store at the 
Mint and as yet unissued to the public, at 
the close of the year. It should be observed 
that as, under the regulations above men- 



tioned, silver coin is now issued direct to- 
Colonial Governments, as well as to Scotch 
banks and the Bank of Ireland, a stock oi 
coin must always be retained in the Mint 
sufScient to meet any demands which may 
arise, and that the balance therefore repayable- 
to the Exchequer will at all times be corre- 
spondingly laree. 

In the montn of December a circular was- 
issued by the Master of the Mint's direction, 
to bankers in the United Kingdom, calling 
attention to the position of the silver cur- 
rency in reference to the circulation of half- 
crowns and florins. 

In the case of the Colonies, their lordships- 
eventually decided to receive at their full 
nominal value certain consignments of old 
coin which had been sent home from Oib-< 
raltar, Malta, and Ceylon, and since the close 
of the year they have been in communication 
with the Secretary of State for the Colonies- 
as to the measures to be taken for withdrawing 
the old copper coinage from all British pos- 
sessions in which it may still be current. 

The Colonial coinages executed by the 
Mint during the year have been three in 
number, namely, a coinage of the nominal 
value of £6,250 in silver fifty-cent and bronze, 
one-cent pieces for the Government of New- 
foundland, a coinage of the nominal value of 
£6,250 in silver pieces of twenty, ten, and 
five cents, for the Straits Settlements, and a- 
coinage of the nominal value of £12,000 in 
pieces of the same denominations, for Hong 
Kong. Two coinages, which the pressure of 
the demand for Imperial coinage has rendered 
it impossible for the Mint to undert^e, have 
been placed in other hands, namely, a silver 
coinage of the nominal value of £8,000, in 
twenty, ten, and five cent, pieces, executed by 
Messrs. Heaton and Sons, of Birmingham,, 
for the Government of Hong Kong, and a 
copper coinage of 50 tons in one cent, half- 
cent, and quarter-cent pieces for the Govern- 
ment of the Straits Settlements, entrusted in 
the month of May to the Calcutta Mint. An. 
arrangement was sanctioned by their lord- 
ships in the month of October, under which 
a certain portion of the latter coinage was 

Eermitted to be transferred to the Colony of 
labuan, for circulation in that island, subject 
to conditions agreed upon by the respective 
Colonial Governments. 

In the month of August I received their 
lordships' authority to execute a further 
coinage of nickel, of the nominal value of 
£500 in pence and halfpence, for the Govern- 
ment of Jamaica ; but, after making enquiry 
as to the price of that metal, which had risen 
considerably since the issue of the last coinage- 
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of £1,0C0 in November, 1871, 1 was under 
the necessity of reporting that the charge to 
the Colony for metal alone would exceed the 
nominal value of the coin, and that it would 
not appear desirable, therefore, that the 
coinage should be proceeded with. A corre- 
epondcnce as to the steps which could be taken 
to meet the increasing circulation of the 
island was in progress at the close of the year. 

Although the amount of gold melted was 
much below the average, the amount of silver 
cast into bars was again very large, and 
the department was folly occupied in the 
treatment of the "sweep" from the gold 
coinage throughout the period of twelve 
weeks occupied by the repairs of the machi- 
nery, during which the operations of the 
Jlint, including that of melting, were of 
necopsity susj>onded. 

Further exjKTiments have been made 
during the year with the view of deter- 
mining what is the best thickness to be 
adopted for silver bars. For many years all 
barn oast for coinage were of the uniform 
<hickno^s of one inch, but in 1870, for the 
riMisons montioned in my Te\yoTt for that 
your, tlie thickness of gold bars was reduced, 
and, although the pressure of work in the 
nrtifu^ors' department during 1871 and 1872 
dohwoii the completion of "the new moulds 
rot|uinHl, arrangements have been made, 
during tho wurso of last year, for the pro- 
4hiotion of bars l*or half-crowns and florins of 
(ho thickness of alnnit throo-eiirhths of an 
Inoli. Tho niouKls mannfactnred for this 
jiurpowo Nvotv in nso for florins at the close of 
(ho vimr. tuul tho rosuU has In^on so satis- 
ftiolmv n« to rtMulor it advisable to elTect 
MiMitBiMiniliufr nnluotions in the size of the 
bhtn \\fiv{\ in tho production of the lower 
(IpiMMiiltuitionH of silver coin. 

*rhn innount of bronze melted during the 
yt^nv hiiH only been 45 tons. As already 
lalntrd, it became necessary in December, 
Iw7i\ in consequence of the demand for 
nilviT win, to contract for the delivery of 30 
(oiiN of "penny blanks" for the "bronze 
4'oinage, the Mint being too fuJy occupied 
to undertake the operations of ** rolling *' and 
•* cutting " that metal, and these blanks were 
in process of delivery at the close of the year 
1H72. Since their conversion into coin, the 
ilomand for coinage not having been so great, 
the Mint has been able to maintain the 
necessary supply of pence, halQience, and 
farthings by pimshasing bars of the proper 
dimensions and converting them into coin. 
The result has been that, in the case both of 
the " blanks '* and bars purchased, no melt- 
ing operation has been necessary, and the 



amotmt of bronze melted, therefore, daring 
the year, only represents the " scissel " re- 
sulting from the " rolling " and " catting " of 
the latter. 

It is unnecessary for me to enter into anj 
detail with regard to the operations of coin- 
ing, which have been conducted during the 
year with the same care and saccess as here- 
tofore. I may mention, however, that the 
accuracy of the manner in which the work of 
the Operative Department has been pe^ 
formed was strikingly illustrated by the bd 
that, on the termination of the gold coinage 
of £24,500,000 in Jane last, the aggregate 
weight of the pieces of which the coinage 
was composed was foand to be within two 
thousandth parts of an oimce of the exact 
standard weight prescribed by law, while the 
pieces composing the coinage of £6,500,000 
completed in 1871, as shown in my report ftr 
that year, were of the exact standard weight. 
I may also refer to the experiments made in 
connection with the operations of "anneal- 
ing'* and "blanching" silver "blanks," in 
which changes of some importance have been 
introdaced, tending to a more rapid comple- 
tion of the coin and to considerable saving of 
expense. 

Great difSculty has been experienced daring 
the year, as in the latter part of 1872, in 
obtaining steel of good quality for the mann- 
facture of dies, and the result has been vpgt^ 
rent in the largely increased consumption d 
dies for coins of all denominations. Befixe 
the end of the year, however, a change in the 
shape of some parts of the dies, recommended 
by Mr. Hill, of which details are given in the 
appendix, and an improvement in the quaii^ 
of the steel supplied, had a beneficial efltet 
in reducing by about one-half the average 
namber of dies consumed. 

The Die Department is also charged with 
the manufacture of medals, and it has bea 
proposed to add to this branch of the work 
of the department by making arrangements 
under which not only the medals, but alao 
the bars and clasps attached to them, will be 
prepared in the Mint, and the medak mounted 
and finished for delivery. This work has 
hitherto been performed by contract, bat, as 
it appeared that it could be more expedi- 
tionsly and satisfactorily executed by the 
Mint itself, it has been decided, with their 
lordships* approval, to terminate the existing 
contracts on the 31&t of March, 1874, ana 
to transfer it to the Mint from that date. 
These changes have been carried into effect 
since the close of the year. 

In my report for 1871 1 gave details of the 
waste on the gold and silver ccdnages which 
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POQgfat to a clofie daring that year, and 
onnts realised by the sale of " sweep." 
e same time stated that it had been 
;torily ascertained by assay that the 
ice between the amonnts of the tenders 
d for the purchase of the " sweep *' 
he gold coinage of £6,500,000 then 
ted, and the sum which would have 
talised if the '' sweep " had been treated 
Mint, was not sufficient to compensate 
\ loss of time which would have been 
d by the adoption of the latter course. 
^ the year 1873, another gold coinage 
been completed, steps have as usual 
iken to ascertain the amount of pre- 
aetal actually lost in the operations of 
r. The mechanical arrangements for 
atment of " sweep " are still capable of 
improyement, but the completion of a 
e of so large an amount as £24,500,000 
ed to present an exceptionally favour- 
)portunity of confirming by experiment 
suracy of the opinion expressed in my 
above mentioned, namely, that the sale 
reep " containing but a small amount 
al was preferable to its further treat- 
n the Mint, and special care was taken, 
the issue of tenders for the purchase 
"sweep,*' to remoTC by washing the 
particles of gold, and to ascertain by 
iie amount of metal remaining in the 
38. The result of the assays made, and 
rice received for the "sweep" sold, 
1 that the course pursued was the most 
Ageous which could have been adopted, 
re are few points connected with the 
ions of coinage of greater importance 
be maintenance of accurate standards, 
ierence to which the fineness of coin 
»e determined and the integrity of a 
ic currency guaranteed. From the first 
action of a gold coinage into this 
y in the reign of Henry III., whose 
vere 24 carats fine, or pure gold, there 
always been "fiducial" pieces with 
the coin could be compared ; and the 
^ which have been from time to time 
in the fineness of the coinage have 
i been accompanied by the establish- 
of standards intended to contain the 
proportion of precious metal prescribed 
^ Fragments of ancient trial plates, 
snting the various changes made, are 
reserved in the Mint, and have been 
led under my directions. 
{To be continued.) 



LATUM. — Greenwich Sidereal Clock, page 
ond column, line 11 from end of letter^ 
read leg. 



Clock and Watch Makers' Asylum. 

The Annual Festival of the above Instita- 
tion was held at the City Terminus Hotel, 
Cannon Street, on Tuesday, November lOtli. 

E. J. Thompson, Esq., presided, and about 
200 of the subscribers and their friends sat 
down to supper. 

During the evening Captain Poole, of the 
1st Middlesex Volunteers, who responded to 
"The Army, Navy, and Volunteers," cdled 
upon the subscribers to rally round the 
Institution, and bring others to support them. 

The Chairman, in giving the toast of the 
evening — " The Asylum '* — said that though 
the Institution had received a vast amount 
of support during the 20 years it had been 
established, there was still a necessity for 
increased exertions on the part of the Trade 
generally. There were 15 inmates, and 3 
vacancies which would be shortly filled up. 
There was room on the ground to erect 18 
more houses, which he sincerely hoped some 
of the present subscribers might live to see 
erected and inhabited. 

Mr. S. A. Brooks congratulated the work- 
men present upon the success of the Is. 
subscription started two years since for the 
purpose of building a '* Workmen's Memorial 
House " on the ground of the Asylum. The 
committee had £217 in hand, and the build- 
ing, he hoped, would be erected and occupied 
by the following summer. 

We have been requested to add to our 
report of the result of the competition for 
the prizes offered bjr the Turners* Company, 
that the Mr. Frederick Garritt who is therein 
mentioned as obtaining the first prize in 
Class A of lapidary work, is an apprentice 
of Mr. J. Jowers, of Gamault Place. 

Production of Swiss Watches. — Ac- 
cording to the statistics of the Swiss govern- 
ment^ there are annually manufactured in 
the four watch-producing countries of the 
world — ^namely, Switzerland, France, Eng- 
land, and the United States — a tot^ of two 
and a quarter millions of watches. Of these, 
Switzerland produces more than half, last 
year about a million and a half, equivalent 
in value to 88 millions of francs. France 
does not produce a fifth of that number ; 
England^ according to these statistics, only 
200,000 ; and the United States half that 
number. The little canton of NeuchAtel 
yields as many watches in a twelvemonth as 
England and the United States combined do 
in three years. The annual product of the 
watchmaJLing industry of the four countries 
is estimated at 120,000,000 francs. 
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Abstract of the Principal Changes of Bates of Ghronometen 



NAMEOFMAKBB. 


No. 


ADDRESS OF MAJU£R. 


CONSTEUCTION OF BALAHCIL 


Sewill .... 


f084 


30, Comhilly London. 


Auxiliary compensation 


Kullberg . . . 


2883 


105, Li?erpool Road, London. 
30, Cornhiil, London. 


Improved ordinary balance. 


Sewill .... 


8072 


Auxiliary compensation. 


McGregor & Co. . 


isio 


45, Clyde Place, Glasgow. 

41, Grey St., Newcastle-on-Tyne. 


Auxiliary to balance acting in exireoei. 


Beid & Sons . . 


2408 


Auxiliary compensation. 


Gowland , . . 


1305 


178, High Street West^ Snnderland. 


Auxiliary compensation. 


Highly .... 


5435 


45, High Street^ Sheemess. 


Auxiliary acting in cold. 


Ohittenden . . . 


793 


10, Wilton Road, Hackney, London. 


Balance as in former yean. 


Keys 


363 


15, Craven Street, Strand, London. 


Auxiliary compensation. 


Lowry .... 


1776 


66, High Street, Belfast. 


A safe auxiliary compensation to btbiM 


Eallberg • . . 


2871 


105, Li?erpool Road, London. 


Kullberg's flat-rim halace withoot anfl. 


Johaxmsen • . . 


1823 


149, Minories, London. 


Auxiliary compensation. 


Keys .... 


364 


15, Craven Street, Strand, London. 


Auxiliary compensation. 


Jonannsen . . . 


1820 


149, Minories, London. 


Auxiliary compensation. 


Penlington&Hutton 


2137 


2 & 3, St. George's Cresc, Liverpool. 


Auxiliary compensation. 


Brotherbon . . 


5417 


11, Spencer St., Goswell Rd., Lond. 


Construction as in former vean 
Three compensation barsbaJaDca 


C. Frodsham . . 


3519 


84, Strand, London. 


C. Frodsham . . 


3554 


84, Strand, London. 


Balance with continuous anxiliixy. 


James Poole <& Co. 


5656 


33, Spencer St., Clerkenwell, Lond. 


Auxiliary compensation. 


Williams . . . 


1762 


2, Bute Docks, Cardiff. 


Auxiliary compensation. 


Sewill .... 


3222 


61, South Castle Street, Liverpool. 


Auxiliary compensation. 


Hennessy . . . 


4940 


5, Wind Street, Swansea. 


Auxiliary compensation. 


Oowland . . . 


2273 


178, High Street West, Sunderland. 


Auxiliary compensation. 


Whiffin. . . . 


352 


10, Cloudesley Sq., Islington, Lond. 


Auxiliary compensation. 


PenllDgton . . 


2136 


2 & 3, St. George's Cresc., Liverpool. 


Auxiliary compensation. 


Fletcher . . . 


3369 


148, Leadenhall Street, London. 


Auxiliary compensation. 


Hennessy . . . 


4868 


5, Wind Street, Swansea. 


Auxiliary compensation. 


Davison . . . 


4895 


6, Side, Newcastle-on-Tjne. 


Auxiliaiy compensation. 


McGregor & Co. . 


SOTS 


45, Clyde Place, Glasgow. 


Auxiliary compensation. i 


Lowry .... 


1778 


66, High Street, Belfast. 


A safe auxiliary compensation to balsMS j 


Shepherd & Son . 


1810 


53, Leadenhall Street, London. 


Auxiliary to balance. 


Reid & Sons . . 


2402 


41, Grey St.^ Newcastle-on-Tyne. 


Auxiliary compensation. 


Shepherd & Son . 


1789 


53, Leadenhall Street, London. 


Auxiliary to balance. 


Whiffin .... 


361 


10, Cloudesley Sq., Islington, Lond. 


Auxiliary compensation. 


Sewill .... 


3247 


61, South Castle Street, Liverpool. 


Auxiliary compensation. 


Muirhead & Sons 


fig vs 


90, Buchanan Street, Glasgow. 


Double auxiliaiy. 


Davison . . . 


4963 


6, Side, Newcastle-on-Tyne. 


Auxiliary compensation. 


James Poole & Co. 


5655 


33, Spencer St., Clerkenwell, Lond. 


Auxiliary compensation. 


Russell & Son 


2784 


30 & 32, Slater Street, Liverpool. 


Auxiliary compensation. 


Isaac .... 


1129 


147, Liverpool Road, London. 


Balance as in former years ; no snxifi*'?- 


The sign + indicates thftt 


the rate is gaining. 




During four weeks from t 


lie 7th March, and during fonr weeks from 
e heated by jets of gas. The gas flames are ex 


the 13th June, the Ghronometen w* 


placed in the chamber of a stov 


terior to the chamber, into which bobs 


of the injarions prodncts of cox 


nhnstion can enter. 




. The ratings commenced Ja 


nnary lOth, and ended Angost 8th, so that the 


duration of the trial was thirty wctki. 


The Chronometers are pla 


ced in order of merit, their respectiTC position! 




the irregularities of rate exhibi 


ited in the Table above. 
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In Bhat 
Tempimitare 


OrenWat 
WoeUy 

Sum. 


111 wliat 
Teinperoluro 

rahroDheit). 


Difference 
between 
the greatest 


Greatest 
Difference 

week Biid 
the neit. 


In what 
Temperature 

(degrees 
Fabreiilicit). 


2-5 


{5 K lli 


+ 12-4 


63 to 70 


0-9 


57 


51 to 57 


3-5 


47 to 63 


+ c-0 


70 to 90 


95 


G-1 


63 to 78 


61 


41 to 50 


+ 5-0 


63 to 78 


HI 


6-2 


33 to 66 


3-7 


36 to 49 


+ 7-5 


51 to 57 


11-2 


6-3 


36 to 49 


7-5 


£a to8s 


+ 4-0 


64 to 71 


11-5 


60 


3C to49 


8-0 


82 to 96 


+ 5-0 


51 to 57 


13'0 


G'O 


C5 to 87 


00 


36 to 49 


+ 7-0 




130 


60 


51 to 57 


7-0 


68 to 85 


+ 5-C 


3 G to 49 


12-6 


6-5 


51 to 57 


21 


58 to 66 


+ 10-5 


70 to 90 


12-6 


7-0 


57 to 84 


00 


46 to 51 


+ 11-5 


70 to 90 


11-5 


77 


57 to 84 


3-0 


45 to 51 


+ 17'2 


67 to 76 


142 


C-5 


82 to 96 


8-9 


36 to 49 


+ 3'5 


70 to 90 


12-4 


7-7 


57 to 84 


2-5 


45 to 53 


+ 17'3 


{Z^ S} 


15'0 


6-5 


57 to 84 


120 


50 to 66 


+ 1-0 


C2 to90 


130 


80 


51 to 57 


11-0 


45 to 51 


+ 23-4 


53 to 66 


12-4 


8-6 


67 to 7G 


66 


82 to 96 


+ 7-5 


51 to 59 


141 


7-9 


86 to 96 


3-5 


46 to 51 


+ 22'6 


82 to 96 


19-1 


5-5 


70 to 90 


3'8 


50 to 56 


+ I6'3 


67 to 76 


125 


8-9 


50 to 56 


3-4 


45 to 53 


+ 130 


82 to 96 


16-4 


8-3 


57 to 84 


17-5 


36 to 49 


— 4-7 


57 to 84 


12-8 


HI 


57 to 84 


100 


82 to 96 


+ 29-9 


58 to 66 


19-9 


8-2 


82 to 96 


6-7 


45 to 51 


+ 16-7 


64 to 71 


23-4 


6-8 


82 to 06 


11-5 


{Si: £} 


+ 6-9 


58 to 66 


18-4 


9-5 


57 to 84 


05 


70 to 76 


+ 10-9 


36 to 49 


16-4 


11-2 


50 to 56 


0-9 


45 tool 


+ 26-5 


70 to 90 


25-6 


71 


57 to 84 


5-7 


62 to 90 


+ 23-fi 


53 to 62 


17-9 


11-0 


50 to 56 


10*7 


65 to 87 


+ 8-2 


44 to 50 


18-9 


H7 


50 to 56 


15-7 


57 to 84 


+ SO 


82 to 96 


18-7 


11-9 


82 to 96 


1-7 


57 to 84 


+ 22-6 


82 to 96 


24-3 


111 


50 to 56 


1-4 


46 to 51 


+ 25-0 


fSSS} 


23-6 


11-9 


53 to G6 


11-5 


82 to 06 


+ ir4 


58 to 66 


22-9 


13-2 


82 to 96 


29-S 


86 to 49 


— 30 


51 to 59 


26-3 
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57 to 84 


22-7 


46 to 51 


— 30 
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57 to 84 
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32-4 
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57 to 84 


9-7 


46 to 51 
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67 to 76 


39-3 


16-3 


57 to 84 


33-4 


45 to 51 
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67 to 76 


54'4r 


24-1 


57 to 84 


20 


57 to 84 
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50 to 56 


70 


3-5 
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A Smi-Sa CAEAT DIAMOND. 
Wk have been favoured by Professor Tennant 
with a view of a very choice diamond which 
he posseases. It has a delicate yellow tinge, 
una weighs 66 carats, and has been valued at 
£20,000, althongh, applying the rule given by 
Jefi!riea and other anthorities for ascertaining 
the value of cut diamonds (quoted by Profes- 
Bor Tennant in his much-esteemed lecture on 
Mineralogy, with especial reference to watch 
jewelling, delivered before the members of 
the Horological Institute, and published in 
vol. ii. of the Sorological Journal), viz., 
multiply the sijnare of the weight in carats 
by 6 and call it pounds sterling — its value 
would be G6 X 66 X 8 = £34,848. Fig. 1 
rqiresentfl the crystal weighing 112 carats, 



of the gem, here depicted, afforcb a ftir 
sample of the excelloit work done in England. 
Being anxious to encourage the cnttmg of 
diamonds and other precions stonea, the 
Turners' Company have this year offend 
prizes for lapidary work. In the King's 
College lecture, to which we have already 
referred, Professor Tennant remarked, that 
the chief art of the diamond catter lies in 
the breaking of the stones so aa to remove 
flaws when they exist, and to get the largest 
possible gem out of a given crystal. As in 
example of the commercial application of 
scientific knowledge, he inetanced the cue 
of Dr. Wollaston'a pnrehase fit)m Uemn. 
Rnndal) and Bridge, the Crown jewellen, of 
a faulty diamond for £6,000, and then, afta 
removing the flaw and making a jewel for > 




^.3. Front 



which. Professor Tennant recently remarked 
in one of his lectures on Mineralogy at 
King's College, was brought to him by one 
of lus former students. Figs. 2, S, and 4 
show the beantifui brilliant in its present 
form, the cntting having been executed in 
London, where, it is satisfactory to know, 
the art is being resnecitated. English dia- 
mond cutters were the most celebrated in 
the world 150 years ago ; but, as these died 
off, the trade fell into the hands of Jews, 
who, being at the time aubject to great in- 

Stice, socially and otherwise, both in 
gland and elsewhere, migrated in large 
nnmbers, including the diamond cotters, to 
Amsterdam, the only city which gave them 
csomparative freedom t and thus the diamond 
cnttmg became there established. That the 
art is again likely to flonrish as an Euglish 
industry, is due to the enterprise of Mr. W, 
Ford, of Bed Lion Street, who hns fifteen 
diamond cutters and polishers, all English- 
men, at present in bis employ. The cutting 



Fig. 4. Bade vi 



ring and a set of sliirt-stnds ont of the {nece 
removed, re-selling the then perfect stone fis 
the sum of £7,000. 

Tnming from diamonds to sapphiiea, Pro- 
fessor Tennant mentioned that a gaittemu 
had, on the previous day, brought him the 
specimen of corundum, which he then exhi- 
bited ; he had never seen anything to eqoil 
it, yet he was told it came from i veia 
extending over a space of country 300 milei 
long. As a practical application of a little 
elementary knowledge, it was mentioned 
that the Professor, in taking leave of a piqiili 
who was about to start for the Cape, pot 
into his hands a piece of comndnm, remark- 
ing, "If you find any stone that ecratcha 
that, it must be a diamond." It is interest- 
ing to state the use made of this knowledge: 
the gentleman was present at Dn Toit's Tib, 
in the diamond fields -of Sonth Africa, and 
saw a bucketful of mud taken np, ftpn 
which a pebble was prodnced ; on asking 
leave to examine it, it was fonnd to scratch 
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the ocMnmdam, and £1,000 was immediateljr 
offiarod for it and accepted ; within a week it 
was sold for £6,000. Both oriental topaz, 
mby, and sapphire were shown in the stone. 
He remarkea that the finest sapphire was in 
the possession of Ladj Bardett-Contts, and 
had formerly been one of the Crown jewels 
of France, bnt was sold in London after one 
of the reyolntions of that country ; it was 
this circnmstance that made the late Em- 
peror so desirous to acquire that particular 
stone for France. Ck)mparing corundum 
with quartz, to which it bears some resem- 
blance, the Professor explained that they 
could readily be distinguished from each 
other ; the hardness of the (juartz is 7, whilst 
that of corundum is 9 ; and if, again, a crystal 
of each were broken, it would be found, 
whilst the corundum would break into 
rhombs on each alternate angle, the quartz 
would break with a curved fracture. The 
best way however of distinguishing them 
was to take their specific gravity, that of 
corundum being 3*9, whilst that of quartz 
was but 2' 6. 



iette ia % iJrte, 



All Letters to be addressed to the Editor, at the 
Listitute, 36, Northampton Square, E.C. 



To ike Editor of Thb Hobolooical Joubkal. 

ISOCHRONISM. 

Sib, — In reply to '* Unique " — How is it 
possible for a balanced wheel to revolve 
Dackwfl^ and forwards round a fixed axis 
80 that a spring may be applied to it for 
mechfoiical purposes to show anything like 
an isochronal principle — ^the balance may 
be fixed, but the axis on which it is fixed 
must revolve. Secondly, the spring has no 
power of whirling (quite a new word, this 
whirlings in Horology) a balanced wheel, 
but the spring itself is a governor of the 
wheel IBO balanced (or whirled) by the motive 
force of the watch or machine to which the 
balance is applied, and the spring is to the 
balance that force that gravity is to the 
pendnlam. The spring in itself has not the 
power of producing motion, and would always 
remain in its quiescent state unless disturbed. 
Then when motion is given to the balance, 
the force of the spring, its restituting force, 
18 exerted, be the applied force much or little, 
bat tiie greater the force applied, so is the 
spring's effort greater or less to return. I 
will agree with ** Unique,^' that the subject 
of isochronism is not restricted to watch 



making, and that the fact does exist and has 
existed in all bodies in equilibrium ever 
since the universe began ; but the fact was 
not discovered until the time of Galileo, and 
it is said to have been observed by him when 
a child, by the swinging of a lamp from the 
roof of a cathedral at Pisa ; and this obser- 
vation in a child became in the mind of a 
man a principle of philosophy, on which some 
of the greatest discoveries of science have 
been founded. If friction and atmospheric 
resistance are to be left out of the question, 
a balance provided with a spring that pos- 
sesses perfect elasticity, and uninfluenced 
either by friction or the resistance of the air, 
would go on vibrating backwards and for- 
wards without cessation. But three retarding 
influences really act upon it — want of per- 
fect elasticity of the spring, so that each 
reacting force is somewhat less than the force 
which acted upon it ; friction of the pivots, 
and resistance of the air. Hence, in order 
to keep up these vibrations, it is necessary 
that a slight additional impulse should bo 
continually given to the balance as to the 
pendulum. 

In reply to " F. E.," I trust there are not 
many readers of the Journal that do not 
understand the meaning of the word equili- 
brium, but for the especial information of 
" F. E.," I beg leave to state that in any length 
of spriug applied to a balance, an isochronal 
point may be obtained, and that after this 

Soint has been obtained, the timing must be 
one by the perfect poisation of balance; 
or in other words, the weight of balance 
must be so regulated to suit the spring, and 
not the spring taken up or let out to suit the 
balance. 

I am. Sir, &c., 

ONUS PKOBANDI. 



Sib, — "Onus Probandi," in the October 
number of the Journaly remarks that the 
vibrations of a musical (pianoforte) string 
are isochronous. This I believe to be quite 
true, for if otherwise I think I should have 
noticed it, having had considerable experi- 
ence in pianoforte and harmonium tuning 
for about fifleen years ; but I cannot see 
much family likeness between the vibrations 
of a musical string, stretched between two 
fixed points, and the isochronous vibrations 
of a balance-spring, which is free, for the 
balance-spring in bending must be compressed 
on one side and stretched on the other ; but 
in a musical string the material is stretched 
even when at rest, and no compression can 
possibly take place in any part of it, what- 
ever may be the extent of its vibrations ; and 
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I think tho elastic properties which are called 
into action on the string must be in Bome 
viBj different from those in the balauce- 
spring, because a silk or catgnt atriiig ia 
qnite as iEochronons in ita Tibrations as the 
best-tempered steel wire one, ench as are used 
in pianofortes. 

lint the vibrations of the reeds used in 
hannoninms, accordions, concertinas, &c., 
which are simply fiat straight springs, fixed 
at one end and free at the other, may be 
considered more like those of the balance- 
spring, and it is most annoyingly evident 
to any good ttinet that the vibrations of all 
the reeda in a harmoniom are not by any 
means isochronous, for the bass notes flatten 
with an increased extent of vibration, while 
the high treble ones sharpen under the same 
circumstances, and vice versa; bat I have 
repeatedly proved that it is quite possible 
to make their vibrations either iaocnronoaa 
or the larger vibrations faat«r or slower, and 
vice versa, by varying the proportionate thick- 
ness of diflerent parts of the reeds. I once 
toned, for the sake of experiment, about 50 
teeds, bat only extending over two octaves, 
in which the loudest sonnd they would pro- 
dace, and the softest that coald be heard, 
were perfectly in tnne one with the other, 
even taking the lowest and highest note 
together ; ■which simply means that whatever 
the proportionate rates of vibrations of any 
two reeds might have been (and which it is 
mmecessary to state here), that exact propor- 
tion was maintained throngh every variation 
in the extent of the vibrations. 

Thinking these few facts might possibly be 
interesting to some readers of the Journal 
is my eicnae for tronbling yon with this 
rather long letter. 

Toais, &c., 

Sandridge. J. VIKGO. 

DEtna TIMEPIECES. 
Sib, — These timepieces have taken np a 
great deal of my time, labour, and thought ; 
still I cannot get them to give satisfaction. 
I have a new one now in hand ; the end- 
shakes are good, and depths, &c. — in &ct, it 
is everything that con be desired, as far as 
freedom goes ; still, it stops apparently for 
trant of power, although it has a strong main- 
spring, and nins down smoothly. They all 
.seem to stop on the round face of the puleta 
.(the pallets embrace one tooth). If any 
reader would kindly oblige b^ advising me 
how to proceed to cure the evil I should be 
ezceaiingly obliged. 

Yours, 

PLYMOUTH. 



CLOSINQ SEOONDS'.HANDS. 

Sib, — In the November number of the 
Journal I saw a description of tool for doeuif; 
the sockets of hour and minute hands. 

I here send you the description of a small 
tool I have found very nsefat for closing tbe 
sockets of seconds-hands, and which makes i 
far neater job than the way asnally adopted 
— I, «., nipping the socket with the pliers. 

A piece of nicely hardened and tempered 
steel, about 1 in. by i in. by 5 douziemu 
thick, with 6 holes, nicely tempered snd 
polished, graduated to take tbe largest and 
smallest socket. 

To nse the tool, put the socket in which- 
ever hole it will partly enter, and giro i 
slight tap with a hammer, and the job i) 
done in a neat and workman-like manner. 
Yours, &0., 

W. E. PERBETT, 

Weston-anper-Mare. 



^ir Cirrnsjtonirrnts. 

Upon an old English clock tee find the ium 
" A. Fromaniell, London." Can yoa enlig^ 
us as to the date this person existed f—SBO 
AUoSorra 

Ernbbt B. — Mechanism to wind the wofcl 
hy the motion qfihe wearer's body in waliisf 
it pot new, although yottr arranffetnutt iwy it. 
We cannot recommend ajiatent affont. 

Cina — Z%e Clockmakers' Oomptmy mi 
incorporated hy Soyal Charier in l^\. Ti* 
company has no hall, and has, wo heUeve, re- 
, moved its library to the Ouildhatl. 

S. L. — I9ie rapid cutting of cylinders yw 
mention may be caused as you $ugg»»t by fw 
softness, but, probably, by the oil being dram 
away from the acting part by u^nUary oAt^ 
Hon, as described by Mr. SehooftinVuJami 
for December, 1878. The grwdiag noim it 
cylinder watches, conHnumg throughotd 9s 
whole vibration, is probably canted by rmj^ 
jewel-hoies or rough pivots. 

I have a watch of the following dsscr^fi^ 
and should li&e to know ^ if is a curiosity, « 
ahelher there are more about tike it: — A jmB 
silver pair-case Verge; the minuU-hand ralf 
makes one revoluHon m two hours, the A«r 
handgoes as usual; each half of the dialit 
marked into sixty minutes, ten between toA 
figure, the fusee earriee two-tmd-a-ha^ coib ff 
chain, and the train has one extra «hed,sei 
the entire escapement is left-handed. li i* 
well made, andhas ihename of** Fm. £^ 
London, No. 60*."— E. E. 0. 
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0r0l0j9[ial Instito. 



jonmed Meeting for discnfising Mr.W. B. CRISP'S Essay on the Oompensation Balance, 

held on Tujesday, December Sth, 1874.] 

Mr. John Jones^ F.B.6.S., Vice-President, presiding. 



; Chairman having briefly recapitulated 
points which engaged consideration dar- 
the first evening devoted to the discns- 
, a report of which appeared in the 
ember number of the Journal, expressed 

[Measure he felt in the presence of Mr. 
berg, who had, in a letter read the first 
ing of the discussion, questioned Mr, 
p*s statement, that the cause of the 
r in the ordinary compensation balance 
due to the curvature of the path de- 
bed by the weights. 

J. James U. Poole felt that Mr. Crisp 
done good service to the trade by the 
ication of his essay. For his own part 
elt that the Horological Institute was 
g a great work, and he had always 
ei forward with interest for the appear- 
I of the journal, the matter in which 
much improved of late, and could not 
bo benefit many practical men who were 
stomed to do many things for which 
could not give a reason, and who found 
there were proper ways of expressing, 
giving rules for, the results they arrived 
With regard to the chronometer as a 
3lete instrument, it often happened that 
uns relied very much on their own ob- 
itions for testing its accuracy, and, con- 
ently, were not disposed to pay a suffi- 
. price for a finely-finished chronometer. 
le Oreenwich trial was the means of 
ring a certain number of first-class in- 
nents to be placed at the service of the 
imment, but it did not always follow 
makers could make a number of equal 
Hence to those which might head the list. 
lib regard to the question of auxiliaries, 
)nld not help thinking that that applied 
lis late uncle — Mr. John Poole — and 
ibed by Mr. Crisp, was as simple and 
ble as any in existence, and, without 
•t, it had been very extensively used by 
rade, not having been patented. 
le last time the auxiliary appeared by 
i in the Greenwich .trial it took a very 
X)8ition, but he might mention that he 
been told by the owner that the chrono- 
r had just returned from a two years* 



voyage, during which time its rate had been 
absolutely perfect. In conclusion, he would 
observe that, taking into consideration that 
watch balances were liable to all the un- 
favourable influences which affected the 
large ones, and furthermore that they had 
no auxiliaries, it was a matter of surprise that 
watches and pocket chronometers performed 
as well as they did, and it often happened 
that accuracv could only be obtained by a 
series of troublesome experiments, extending 
over a period of several months. 

It was^ no doubt, a great advantage to 
have a continual standard of excellence kept 
before the trade, and to endeavour to taKe 
advantage of every practicable suggestion, 
which was the real object of the Institute. 

Mr. Merger said it was soon discovered 
that chLX)nometers fitted with Earnshaw's 
balance gained several seconds in medium 
temperature, and to cure this evil Molyneux's 
spring and laminated auxiliaries were intro- 
duced. But Earnshaw's contemporary, 
Arnold, had also invented a compensation 
balance, consisting of two weights, screwed 
on long pillars at the ends of a laminated 
arm, representing three sides of a square. 
This arm would be at its greatest diameter 
when straight ; and if so, at say 60"^, and 
heat were applied, both arm and uprights 
would go in to the centre upwards. And in 
cold, all above the arm going outwards 
downwards ; the arm itself, as soon as past 
the horizontal line, going in. The action of 
this balance being mostly in the long arms 
and weights that multiplied the action of the 
bar, would have the same intermediate 
error as Earnshaw's. Then Mr. Hartnup 
invented the gridiron-shaped lamina, con- 
nected to a sloped rim, upon which the 
weights were placed. Instead of the lamina 
being only a length equal to half the 
diameter of the balance, as in Arnold's case, 
Mr. Hartnup obtained a lamina equal to a 
diameter and a quarter of the balance, and 
the weights would have been lower than 
Arnold's had he used uprights ; but balances 
of this kind required the greatest care in 
adjusting, and unless made too stout to be 
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active, were very fragile. Mr. Knllberg sim- 
plified the matter by abandoning the gridiron 
and laminating t^ rim. The ivhale lecret 
of Mr. Eallbflrg;^ bnUuioe ma contained in 
the great length of the lamina, it being 
eqnal to two diameters, giving a greater 
lifting action in the balance and requiring 
lower nprights. The lower the weights were 
placed on the rim in balances of this kind 
the better tbej wonld act. 

Mr. KuLLBEBO quite agreed with Mr. 
Mercer that the weights on his balance 
should be placed as low ae poBsible, and gave 
s deBcripbion of wliat he called a " low rim " 
balance of his conBtraction, exhibited in the 
Paris Exhibition of 1867, which will be best 
nuderstood by a reference to the annexed 
dii^ram, which we are enabled to give by the 
courtesy of Mr. Enllberg. 

Fig. 1 shows Enllber^B low rim balance 
la plan, and Fig. 2 in elevation. The 
(Fio. 1.) 



steel, the two metals composing the rim being 
arterwards tamed npright and sqnare. The 
section of (he rrm ia abova to an enlarged 
eealc by Fig. 3. Thii rim will tMud npwa^ 
(Fia. 3.) 




(Fib. 2.) 
oentrel bar is compensated, the brass being 
above, and the steel underneath. It is of 
larger diameter than the ordinary balance, 
in order to get the ntmost length of central 
lamina. The rim is half the width of the 
ordJnary rim, and nearly double the thick- 
oees, for the sake of getting the compensa- 
tion weights at the end of the rim — close to 
the bar. As in the flat rim balance, the 
action produced by the bending of the central 
lamina is thus considerably multiplied. In 
order to farther assist what may be called 
the inclined action, caused by the central 
lamina, the steel of the rim is turned so as 
to run nearly diagonally (rom the outer top 




at the same time that it bends inwards, nd 
Mr. Knllberg said that, owing to so gmt > 
length of the rim mnning, ao to say, by tha 
side of the centre bar, an action bo ample wu 
obtained that the chronometer in questioa 
actually gained half a second in each extreme 
between 30° and 100°, which almost made 
him believe that a solid steel rim of the same 
Eection (instead of one composed of oompen- 
sation lamina) would act enough to reduce 
the error in extremes to almost nil. He >k> 
mentioned an anxiliary, or, as he called it, u 
improved ordinary balance, of which we an 
also enabled to give a drawing. Fig. 4, being 
a plan. Fig. b an elevation of the balance, 
(¥lo. 4.) 




(Fw. 6.) 

which, as will be seen, Ib of the ordinary kind. 
!.._. 3 as to allow the part of the 



comer to the icner lower comer ; the upper rim that geserally carries the extra screws to 
iimer comer being taken off, leaving a surface check against itself. The rim is cut 
nearly parallel with the outer surface of the ' open nearer the middle than the ordJBVT 
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balance, bo that a long piece of lamina is 
obtained which carries screws for correcting 
the error in extremes. The checking action 
is thus accomplished. -The aboye-mentioned 
part of the rim is divided into two parts by 
a slit along the rim ; the npper part has a 
knee at tli^ end, filed out of the bottom of 
the balance, which tenches a small screw 
tapped into the extremity of the lower and 
much Btonter portion of the lamina, thereby 
cansing a gentle check when the temperatnre 
falls below 65*" or 60^ Mr. Eullberg said 
the action of the screws was very consider- 
able, owing to the great length of the lamina 
fi-om its fixture at the bar, and that there- 
fore the moment of contact was very easily 
discerned in a range of a few degrees of 
temperature, and the only additional pains 
necessary in the constmction of the bidance 
was the two small steel screws and the extra 
trouble in filing out the ordinaiy rim. Con- 
sidering these advantages, and bearing in 
mind that it attained the great desideratum 
of leaving the main compensation undis- 
turbed, he was led to the conclasion that it 
was the simplest and best auxiliary at present 
contrived. He thought it rather remarkable 
that the two auxiliaries mentioned in Mr. 
Crisp's essay should both have been of the 
kind that acted on the main compensation, 
which had for a considerable length of time 
been felt to be objectionable by men of 
experience. He also thought it so singular 
that Mr. Crisp had not more fally explained 
the causes of irregularity or want of sufiicient 
action in balances without auxiliaries or 
(Aecks^ because it was for want of knowledge 
upon ancb points that inventions had so often 
fiuled ; instead of which, Mr. Crisp condemned 
attempts without giving the least guide. 
He fttt satisfaction that the essay had been 
anp^emented by discussion, as its principal 
sua appeared to be to show the value of the 
old nuilty balance, and to pronounce all 
other balances or auxiliaries unreliable. 

nie Chaibmah said that he had some 
yean ago^ and on more than one occasion, 
tiied tbe experiment of placing half a dozen 
ateel balances for 14-size watches in ice, and 
afterwards subjecting them to a temperatnre 
of 85% the result in each case being a loss of 
fire to six minutes in the higher temperature, 
which agreed with the observations of the 
Astionomer-Boyal, showing that the variation 
of a chronometer, with an uncompensated 
balance, would be uniformly about one minute 
for every 10** change of temperature, from 
which it would seem to follow that the com- 
pensation weights, to counteract such varia- 
tioui should approach the centre of the 



balance, or recede from it in the same ratio 
as the change of temperature, yet agreeable 
to the law of the square of the diameter of 
the balance. 

Mr. Glasgow thought the Chairman's 
conclusion as to the proportion the move- 
ment of the weights to or from the centre 
of the balance should bear to the change 
of temperature was hardly clear. The 
Astronomer Royal's expenment demon- 
strated two facts : 1st, that the total tempe^ 
rature error, with an uncompensated balance, 
amounted to about six minutes in 24 hours- 
for a change of 60** in temperature ; secondly, 
throughout that range of 60% the error varied 
in the same proportion as the temperature, 
being constant at about six seconds for a 
change of one degree. If then change of 
temperature caused an error varying arith- 
metically, it clearly followed that the com- 
pensating power should vary arithmetically 
also. But if the weights approached the 
centre of the balance, or receded from it in 
the same proportion as the changes of tem- 
perature — ^which in the ordinary compensa- 
tion balance they practically did — their action 
would be wrong, lor a very simple mechanical 
reason that, singularly enough, seemed to be 
entirely ignored. The controlling power of 
a balance varied as the square of its diameter, 
consequently, while the diameter of a balance 
varied arithmetically, or in the same ratio as 
the error occurred, its controlling power 
would vary geometrically. The fact of what 
was erroneously called the middle tempera- 
tnre error being inseparable fVom the prin- 
ciple upon which the ordinary compensation 
balance acted, being so forcibly in his mind,, 
caused him to suggest, on a former occasion,, 
the advisability of acting upon the spring for 
correction of the greater portion of the total 
temperature error. If, however, the ordinary 
compensation balance were retained, the 
effect of its error might very readily be 
lessened by placing the timing nuts, which 
were in a line with the straight steel arm, 
inside the rim instead of outside, the efiect 
of the change being that with an increase of 
temperature they would slightly decrease the 
effective diameter of the balance, instead of 
increasing it as they did at present. 

Mr. Crisp, in reply, said he considered Mr. 
KuUberg's remarks as to the weights not 
fitting the b^ance, too vague for the poorest 
mechanic to reply to. If he had read a little 
farther on in the essay, he would have seen 
it stated that the balance-maker's attention 
was required in nicely fitting the slot of the 
weight to the balance, so that there should 
be no bending or twisting of the lamina) or 
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rim of balance : he did not describe his 
balance more fally, as he considered the 
Hartnap balance, which was so fully de- 
scribed in the essay, and Mr. Knllberg's 
balance, acted precisely in the same manner, 
and it was a mistake for Mr. Enllberg to 
suppose that he did not nnderstand the action 
of it ; but he could not describe the method 
of makmg it, as he had said before, on ac- 
count of not being able to procure one. His 
impression was, that it acted in a geome- 
trical ratio, as an inner and outer circle, and 
that the disc being flat, lengthened, as it 
were, the arm of the balance, and gave it a 
more rapid curye even than the Hartnup 
balance. And as to the failure of auxiliary 
compensations, he considered it to arise 
from defective handicraft alone. Take, for 
instance, the late Mr. Poole ; he had been 
highly successful with his auxiliary compen- 
sation pieces, which he managed with a 
peculiar skill that he could not impart to 
any of his successors. And Mr. Mercer, 
again, had been very successful with auxi- 
liary compensations during the last Green- 
wich trials, and Mr. Crisp was particularly 
struck with the closeness of the performance 
of the four chronometers on the Greenwich 
trials of this year, which, he understood from 
Mr. Mercer, were of his timing and adjustiog 
entirely. 

In reply to Mr. Glasgow, his motive for 
arriving at the conclusion he did was, seeing 
that in the uncut balance, or plain uncompen- 
sated balance, the error was so regular, from 
the table published by the Astronomer- Eoyal, 
that the form of balance remained un- 
changed — or did not depart from a true 
circle during its trials from 30** to 90** — and 
by its performance, arrived at the conclusion 
that tne ordinary compensation balance 
compensated for the whole of that error 
within ^th of a second for every degree of 
temperature, or 6 seconds for the same 
range of temperature that showed the error 
with the plain brass balance to be 6 min. 32 sec. 

In reply to Mr. Strachan, the note at t he end 
of his essay might be taken in two ways, in 
factj it ought not to have been inserted at all,* 
as it was his full intention to have described 
the uses of a chronometer at sea, and the 
methods of taking the time, or observation, 
from the sun, but he concluded that the 
mariner was sure of his longitude from his 
last observation, and had nothing then but 
his own experience to guide him, until he 
had other opportunities afforded him of 
determining his longitude. A full descrip- 

• Tho foot-note to which Mr. Crisp refers was inserted 
by his express desire. ^£d. H. J. 



tion he might give on a future occasion. He 
was not aware he had anything more to reply 
to, but if any other gentleman had more 
questions to ask, he' would reply to the best 
of his humble ability. 

The Chairman said he thought they had 
every reason to be satisfied with the result of 
the discussion. They had heard the opinions 
of some of the most eminent men in the 
trade on the subject of Compensation, and he 
doubted not the reports of that discussion 
in their journal would be attentively read by 
horologists not only in England, but in 
America, and he might even say all over the 
world, and a consideration of some of the 
points raised would probably lead to some 
practical result. 

On the motion of Mr. Glasgow, a vote of 
thanks was enthusiastically accorded to the 
Chairman for presiding. 

Clock and Watchmakers' Asylum. 

On Thursday, the 17 th December, was held, 
at the Crown Tavern, Clerkenwell Green, the 
second annual meeting of the subscribers to 
the Workmen's Memorial House Fund, pre- 
sided over by Mr. S. A. Brooks, to whom, we 
believe, the idea of endeavouring to build addi- 
tional houses in connection with the Asylum 
by means of one shilling subscriptions is due. 
About two years ago a small committee was 
Ibrmed to carry out the idea, but no one who 
has the least idea of the difficulty of raising 
two or three hundred pounds by means of 
shilling subscriptions among workmen in one 
particular trade will be surprised to hear 
that some hitch occurred, and for a time the 
project seemed to fail, and no doubt would 
have dropped entirely but for the energy of 
Mr. Brooks, who seems determined to prove 
the practicability of his idea. We learned 
with satisfaction that the committee have now 
more than £200 in hand, and only await 
favourable weather to begin building. We 
trust that those who have not already sub- 
scribed will at once do so, if only to show 
their appreciation of the perseverance which 
has accomplished so much. The committee 
include Mr. Brooks, Mr. Baxter, Mr. Crick- 
more, Mr. Collier, and Mr. Spring. 

[Referring to the report of the festival given 
in the Journal last month, for which we were 
indebted to the secretary of the asylum, Mr. 
James TJ. Poole desires us to say that he is 
captain, not of the 1st Middlesex, but the 
39th Finsbury Eifle Corps, and that he 
appealed to the trade to support his, the No. 
1 Company, which he desires should be known 
as the Clerkenwell Company, and did not 
specially refer to the claims of the asylum.] 
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AN ESSAY ON COMPENSATION, 

FOR COREECTING THE ERRORS IN TIME-KEEPERS ARISING FROM CHANGE 

OF TEMPERATURE. 

BY JOHN GOTTLIEB ULRIOH. 

{Continued from page 66.) 



About the beginning of 1825 I invented 
a tubular Gridiron-balance which was equally 
as sensitive as mercury ; and, if correctly 
made, would answer the purpose tolerably well 
from 25*^ to 90° Fahrenheit, but not higher j 
it was, therefore, abandoned for the present. 
I was then equally unsuccessful with my 
Gridiron-pendulum, but have recently sur- 
mounted the difficulties I had to then con- 
tend with. 

A drawing and description of that Gridiron- 
balance is to be seen in my patent of 1828. 

At the time when the annual trials for the 
prize ceased in 1834, and a promise of re- 
ward for attempts at improvement was offered, 
I made application to the Board of Admiralty, 
and in February, 1835, received the sum of 
fifty pounds from their lordships, upon the 
recommendation of their Scientific Com- 
mittee (among whom was Dr. Olinthus 
Gregory, of the Royal Academy, Woolwich, 
and Admiral Sir Francis Beaufort), for the 
purpose of making frirthcr improvements. 

In 1840 application was made by several 
persons to the Admiralty on the subject of 
Compensation, and in 1842 a pamphlet was 
published by order of the Admiralty, con- 
taining a description of a variety of contri- 
vances designed to effect the same object as 
mine. There is now scarcely a chronometer 
sent to Greenwich on trial for purchase but 
what has got some contrivance of my double- 
action balance, or an additional and auxiliary 
Compensation, under some modification of it. 

I have previously shown that to obtain a 
Compensation balance that should act pro- 
perly at all temperatures to which it is likely 
to be exposed, it was requisite to make a 
balance whose weights should be gradually 
shifted forward for an increase of temperature, 
and backward for a decrease of temperature, 
thereby causing a greater quantity of weight 
to approach the centre of the balance for any 
given increase of temperature than what 
diould recede for a corresponding decrease of 
temperature. Thie is the grand secret. 

The ooompanying drawings will show some 
of the various sU^es by which that object 
has been accompli^ed ; from the complicated 



form in which it was at first made, up to the 
present time, in its most simple form. 

Fig. 1 represents a continuous double- 
action Compensation balance, with a com- 
bination of levers, that are acted upon through 
any change of temperature, by the useless 
portion of the laminae, acting first upon the 

(Fia. 1.) 




friction roller in the lever A, which by acting 
on the lever B, moves the lever C, which 
carries the Compensation-weight D, which 
can be shifted towards E or F at pleasure, to 
adjust the amount of general or primary 
Compensation. 

The amount of action that it is desirable 
to make the Compensation-weights traverse 
the periphery of the laminae, is by shifting 
the friction roller on the lever A, bringing 
it towards G if it does not do enough, and 
toward H if it does too much ; that is, if it 
should lose in the middle temperature, and 
gain at the extremes^ or each side of the 
central temperature. 

Fig. 2 represents a continuous double- 
action balance, that will stand the test for 
change of temperature from Zero to 120° of 
Fahrenheit. 

Where there is sufficient height (as there 
is in the box chronometer), the small com- 
pensation circles had better be placed to a 
small stud outside of the main laminsB on 
the periphery of the balance, and the brass 
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of them placed outside of the steel. They 
are easier to make, and the brass can be made 
mucJi harder. This balance is better than 
that represented by Fig. 1 , inasmuch as most 
of the weights is concentrated in or near the 
lamiDse, and as far from the centre of the 
balance as possible. 

In the small circles of the drawing, Fig. 2, 
the steel must be outside. The weights have 
two actions ; upon an increase of temperature 

(Fio. 2.) 




they not only move towards the centre, but 
towards the letter A, and vice versa for cold, 
towards the letter C. 

Stops have been applied to retard the 
-outward progress of the weights when the 
temperature sank down to about 50^ ; but 
then, in the event of a continuation of cold, 
perhiys to 25* or 20** of Fahrenheit, the pro- 
bability is, that the balance will receive such 
a strain that will tend to bend the lamina;, 
and so far too as to set it, that at 90* it may 
not have resumed its former position, and 
become nmny seconds per day too fast. 

Numerous as are the modifications of 
my original construction of continuous 
double-action Compensation balances, and 
Tarious as are the contrivances of auxi- 
liaries that have been made to effect the 
same object, there is more going forward 
that I think will supersede anything of 
the kind that has yet been done, both for 
simplicity as well as efficiency, and I verily 
believe that in a few months 1 shall succeed 
in producing a Compensation to act upon the 
spring (whether at the collet or the stud, 
or at both, I am not yet certain). If so, a 
simple plain balance with two small mean- 
time screws (or nuts) will suffice. 

I most humbly submit that this is a subject 
W6rthy of the attention of the scientific 
horologer. 



I have made many kind of curbs, but have 
not produced one to my satisfaction. I 
enclose a few sketches of some of them. 

What metals (and the proportions of them) 
are best for Compensations is a subject for 
further discussion, and is now under investi- 
gation, for which experiments are being 
made. 

In the manufacture of Compensation 
balances, too much care cannot be bestowed, 
particularly as regards the cleanliness of the 
steel, to secure a perfect adhesion of the 
two metals, and a correct action of both 
limbs. 

Melting in a coal fire (which I have seen 
done) is very objectionable, and the fumes 
of coal-tar interferes with and prevents the 
union of the metals. 

In addition to a carefully turned plug 
of slate-pencil, a little wet chalk or pipe- 
clay will prevent the brass from entering the 
hole, which is indispensable to be preserved 
good, as upon its accuracy the tmth of the 
balance mainly depends, and of both limbs 
thereof acting equally. The use of an 
enameller's furnace should be of considerable 
advantage (a gas furnace in particular), such 
as Bruton and Boulter's, for instance. 

Many balances are spoiled by being over- 
heated, but in such a ^mace, directly the 
brass is in a proper state of fusion, the green 
flame is seen, and then the sooner it is taken 
out the better. I was informed by Dr. W. 
H. Wallaston, that the elder Bregnet gave 
the preference to having a film of gold 
between the steel and the brass. This is 
very easily to be accomplished. 

An (almost) instantaneous immersion of 
the steel in muriatic acid (spirit of salts), 
or a strong solution of sal ammoniac, cleanses 
steel very perfectly for the adhesion of any 
metal to it, but it must be very quickly 
rinsed in water. That which has been 
boiled is best, bein^ most free from air. 

If it is then put into a strong solution of 
gold (moderately hot), it will take a very 
good coat, after which, with a camel-hair 
brush, cover it with borax that with wat^ 
has been ground fine upon a piece of slate, 
let it dry by a gentle heat, and it is ready 
for the fomace. 

For those who are not conversant with 
dissolving gold, and preparing a solution, it 
is the best way to send the steel to a gilder 
who possesses the knowledge of doing it^ 

One most important point of an ap- 
parently insignificant nature that has, I find, 
escaped the attention of some of the lirsi- 
rate Compensation balance makenii is de- 
servinor of notice. 
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Many yeturs since, after heating a piece o^ 
eteel to a olae, that had been turned perfectly 
true, it proved to be quite oval (or rather 
worse). I then turned it quite true again, 
when to my surprise, after Ideating it to a 
blue, it again became oval. I then took 
another piece of steel, about one inch and 
three-eighths long, from the same bar, and 
while at a blood-red heat, closed the grain 
at each end upon an anvil: Yet, after the 
hammering and turning it iruey it did not 
€ontmue true upon bluing again. The next 
piece I hammered more, but that did not 
turn out quite correct, clearly showing that 
the steel as obtained in the bar requires to 
have the ends well forged and carefully con- 
nected before using ; and, etill further, of 
E roving the absolute necessity of trying a 
alance by poising it in various degrees of 
temperature after it is cut open, to see if 
both limbs act equally. For pocket chrono- 
meters that arc expected to be timekeepers, 
I scarcely need say that attention to that 
important point is imperative. Those who 
do not go to the expense of having those 
important (as well as some few other) 
minutia3 carefully attended to, must be pre- 
pared to meet with disappointments. 

Fmdulum, 

The points urged against Harrison's 
Gridiron Pendulum are — 

Firstly, — The weight of the upper part of 
the pendulum, with its frame and nine solid 
rods, with their weight so much above the 
centre of oscillation, has always been dis- 
liked. 

Secondly, — The heavy pressure of the 
pendulum-ball upon the top of these rods. 

Thirdly, — Imperfect adjustment of the 
Compensation by pins at various distances. 

These are objections that are universally 
admitted. 

The question now arises — How are they 
to be obviated ? In answer, I say : — 

Firstly, — To remedy the above evils, I 
have devised means of obtaining the requisite 
amount of Compensation in less than half the 
length of Mr. Harrison's, and at one-fourth 
the weight. 

A light but strong rod has always been 
desirable. 

Secondly, — I have devised means of 
taking oflF the pressure from the top of the 
rods by the use of spiral springs, or any 
elastic substance — india-rubber tubing, for 
instance. Mr. John Ellicott had previously 
need steel springs for the same purpose to 
his pendulum. 

Thirdly, — I have effected the adjustment 
of the Compensation by means of nuts and 



screws at the top ends of the tubes, which I 
nee in preference to solid rods, so that the 
Compensation may act simultaneously with 
the pendulum's main rod and the suspension- 
spring. 

Fourthly,— I have constructed an adjust- 
ing mechanism to alter instantaneously the 
length of the pendulum requisite for solar or 
sidereal time, and vice versa. 

It is effected thus : The pendulum is 
raised from its mean-time bearing by a 
snail, similar to the one used for the strike 
and silent work of an eight-day clock, and 
by turning it nearly half-way round, it 
raises the pendulum on to a strong detent, 
which is adjusted for sidereal time, which, 
being adjusted and once ^ot right, never 
requires to be disturbed, but will remain 
permanent. 

When the clock requires to be removed, and 
perhaps to a different latitude, recourse must 
be had to the adjusting nut at the bottom 
of the pendulum-rod, near the top of the 
stirrup. It is very easy to raise the " bob" 
of the pendulum of a clock that is showing 
mean time to sufficient weight to bring it to 
sidereal time ; but that takes many days (and 
sometimes weeks) to effect, whereas by my 
mechanism, the same thin? can be done in 
less than five minutes. My attention was 
directed to this subject by Captain Kater, 
and also by Sir Frances Baily, but I could 
not succeed with it to my satisfaction until 
recently. 

Fifchly, — By placing the tubes "strut" 
fashion instead of perpendicular, they draw 
the pendulum-ball or "bob" to a greater 
height for any given increase of temperature 
than what they allow it to descend for a 
corresponding aecrease of temperature, upon 
the same pnnciple that my double-action 
balance causes the weights to traverse the 
distance on the periphery to or from the 
junction of the laminsB to the bar. 

Sixthly, — By placing the lenticular 
"bob" horizontally instead of vertical, I 
obtain greater momentum, by concentrating 
the mass of weight as much as possible near 
the centre of oscillation. For the rod I use 
a piece of French clock-spring. It is lights 
strong, and cheap. 

That the column of mercury is not acted 
upon simultaneously with the rod and sus- 
pension-spring upon change of temperature 
is so clearly manifest that it would be an 
insult to common sense to say more upon the 
subject. 

Having contrived a pendulum whofie Com- 
pensation should act simultaneously with the 
variation of strength of the suspension-i^vriiig 



S HOROLOaiCAL JOUBNAL. 



and leneth of the rod, my sttention was next 
directed to the prodoction of a Gompens^ion 
that shonld ect simnltaneotiBly with the 
balance- spriDg of a chronometer. 

Thns, from the year 1815 to the present 
time, this has been the moat arduous and 
perplexing task that I have ever been en- 
gaged npon, and at a much greater cost than 
wonld readily be believed ; independent of 
abstracting my attention from the regular 
plodding and money-making course of the 
BuBinesB, which I had a first-rate opportunity 
of doing. 

The variouH contrivances which I have 
hitherto inTented and made ta effect the de- 
sired object have been more expensive than 
what vas likely to be countenanced by the 
trade ; but by what I have got in hand and 
in contemplation, I feel satisfied that I shall 
not only be able to effect at a more moderate 
coat, but be able to make an alteration upon 
the CompcnBation without slopping the 
chronometer, and by making u^e of a screvr 
with 100 turns to the inch, to make very 
minute alterations upon it to the sixtieth part 
of a turn. 

P.S. — The lamimo of some balances that 
were made by Mr. Owen Hobinson, for the 
elder Mr. Arnold, were tapered, similar to 
that described in the HorologUal Journal 
for December, 1673, bnt that there was not 
BO much eteel used in proportion, and a 
considerable portion of silver in their com- 
position. They were exceedingly stiff, also 
very sensitive, and gave very great satis- 
fection. 



Geruaxt. — A new coinage law was 
passed by the German Reichstag on the 
2Srd of June lost, supplementiDg the law of 
the 4th of December, 1871. By it a gold 
piece of the value of five marks, as well as a 
silver piece of the same value, were added to 
the proposed coinage, and also a silver two- 
mark piece, the adoption of which was only 
canied by a narrow majority, owing to the 
apprehension that it might lead to the im- 
portation of a larger amount of Austrian 
florins into Germany. The Federal Council, 
in pnrsuance of this law, gave directions for 
{ffoceeding in the first instance with the 
coinage of marks and of pieces of 20, 10, 2, 
and 1 pfennigs, iu addition to the 20-mark 
and 10-mark gold pieces, the coinage of 
which had been in progress since 1671. 

Thb light gold coin imp<»'ted into the 
Mint for re-coinage during 1673 amounted to 
£950,075, as against £778,000 in 1872, and 
the Bank of England are again the only 
importers. 



RAILWAY INSURANCE CHARGES. 

It will be remembered by many of our 
readers that about six years ago tho conncil 
of the British Horolo^ical Institute repre- 
sented to the Board of Trade the excessive 
rates charged by railway companies for the 
insurance of watches against loss in transit. 
In reply to the memorial of the council the 
Duke of Hichmond, then president of the 
Board of Trade, said the Government con- 
templated bringing under the consideration 
of Parliament the provisions of what ia 
known as the Carriers Act. It may be as 
well to say ihatby this act railway companies 
are relieved from responsibility in case of the 
loss of parcels of more than £10 in valne 
containing watches, clocks, precious stones, 
gold, silver, silk, china, glass, or paintings, 
unless the value has been previously declared 
and insurance paid thereon. N^ow the rate 
of insurance charged has been simply pro- 
hibitive, and consequently parcels even of 
great value are sent uninsnred, causing sn 
amount of anxiety to the sender, to whidi he 
ought not to be subjected, and occasionally 
entailing an almost ruinous loss. A few 
monthsback the National Chamber of Trade 
endeavoured to get better terms by appealing 
to the railway companies themselves. 

The companies were asked to arrange 
between them a uniform code of charges for 
insurance, irrespective of distance, and upon 
a much lower scale than the average of Uiat 
hitherto adopted. By the courtesy of the 
National Chamber of Trade, wo are enabled 
to annex the result of this application to the 
railway managers : — 

" Revised Classification and Scale of Chargn 
for Insurance of Oooda, from IslJanmry, 
1876. 

CY PASaBKOaB TBAtX. 
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charge than ae for £20 parcels above £100 

be charged on the abore batia, bj adding 

the frBCtioDal parU shoirn in the foregoing Tabl« 1* 
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Aroel of £420, four times the scale at £100 
ged, plus that for £20. 

aboTe £1,000 in ralue to be charged as at 
LB.---Fiwt £1,000 to be charged according 
re scale, the remainder at haSf rates. The 
lea of charges for bullion to remain as at 

BY GOODS TRAIN. 



iolts. 



For every £100 Sterling 

of Declared Talue. 

Distance. 



irs, clocks... Not exceeding 200m. 

201 to 350 

351 and upwards 



epieces 

id articles... 
china from 

.'turers 

I and silTcr, 



annfactured 
snofactured 
ad jewellery 
mufactorers 
iilver, plate- 
i china, not 
mufacturcrs 
e lace and 

ig8 

tones, wat- 

id jewellery 

manufac- 

rinkets . . . 

B, title deeds 




Minimum charge 

Not exceeding 200 m. 

201 to 350 

351 and upwards ... 

Minimum charge 



Not exceeding 200 m. 

201 to 350 

351 and upwards ... 



2 

10 
20 
30 



6 






5 



20 
40 
60 









exchange, 

notes, or 

for payment 

)j, English 

p Minimum charf^e ... 7 6 

uid pictures 

tions of £10 to be calculated as £10. 

irance to be efiected until the Insuring 

have, by inspection, by a competent 

behalf of the Company, satisfied them- 

t the articles are in accordance with the 

D, and are in good condition, and well 

the above table it appears that the 
es adhere to the old system of mile- 
t they haye agreed to adopt a uniform 
eh is something less than the average 
'6 charged, but is still absolutely 
ive. Any advantage in the change, 

is more than counterbalanced by 
racticable proviso that the Company 
fore insuring, ascertain by inspection 

articles to be insured are such as 

represented. 

lear, then, that no real relief can be 

'without parliamentary interference, 
tion taken by the Railway Companies 
Dre difficult to understand, as it is 
he present practice of sending valua- 
isnred has an injurious effect on the 
f their servants. 



THE NEWCASTLE TIME GUN. 

At the half-yearly meeting of the North of 
England Horological Association recently 
held, Mr. D. Reid, President of the Associa- 
tion, in the course of an interesting paper on 
" The Time Gun," said : — Formerly each 
town possessed its own local time, or as you 
like to call it — ^longitudinal time. Upwards 
of thirty years ago a movement was originated 
in Newcastle to urge other towns to keep one 
time — namely, Greenwich mean time. Of 
course much inconvenience was experienced 
in each town having a time of its own, and 
when railways came into existence it was 
worse still. The movement, as I said, 
originated in this town, and I claim credit 
on behalf of the firm (Keid and Sons) to 
which I belong, that it was not without a 
good deal of correspondence and trouble 
before we could get the most important 
towns to conform to one time. It was even- 
tually agreed to, and of the various con- 
trivances introduced to notify to the public 
the correct or true standard time, I think 
none have fulfilled the purpose so well as 
that of the time-guns. Formerly there was 
no way of signifying it except in a very crude 
way. Many years ago I understand that the 
time was brought down by the guard of the 
coach from London once, or perhaps twice a 
week, and a blunderbuss was fired on the 
Sandhill or Quay at a given time each week. 
There again have been time-balls and soma- 
phores; but these do not attract attention so 
much as a good report of a gun. I believe 
that the gun has proved so much of a 
success, that many of our chief seaport towns, 
and even inland towns, have adopted it. It 
is of much importance to a shipping place 
like Newcastle and Shields, where captains 
can determine the error of their chrono- 
meters and enable them to make observations 
correctly at sea. The matter of the time- 
guns of Newcastle and Shields, yon will have 
observed by our local papers, has been before 
the public bodies with reference to their 
being maintained. The Newcastle gun has 
been stopped from firing for some little time 
on account of some old and decayed build- 
ings, as it was greatly feared these buildings 
would not stand, and a representation has 
also been made by the various proprietors of 
property adjacent to the Castle, that the gun 
was doing much damage if allowed to go on. 
This opposition to the gun being fired 
closely adjacent to the old portion of the 
town seems to have greatly alarmed the cor- 
porate authorities. 1 can quite understand 
that some of the members of our public bodies 
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haye made sach absurd speeches respecting 
the gnn, and so misrepresented facts, and as 
there seems no one to contradict them^ I 
think it is only fair that the public should be 
put right with regard to this useful institu- 
tion. I would not think of troubling to go 
into the merits or demerits of the time gun 
had I not, in conjunction with other gentle- 
men, been instrumental in introducing it 
into Newcastle. The other parlies were — 
Professor Smyth, of the Royal Observatory, 
Edinburgh ; Mr. N. J. Holmes, electric 
engineer, and Mr. Graves, representing the 
Electric Telegraph Company at that time; 
that was 11 years ago, and at the meeting of 
the British Association held in Newcastle in 
1863 we inaugurated the time gun. Its 
introduction was looked upon as a great 
novelty, as I do not think any other town in 
England had then adopted it, and with the 
exception of Edinburgh, I think Newcastle 
was the first town in the kingdom to try the 
experiment. The matter was then brought 
before the Tyne Commissioners, and the gun 
had a warm friend and supporter in the late 
Mr. James Mather, of South Shields. I 
believe it is owing to the success of the gun 
in Newcastle and Shields that other towns 
have followed suit. The main purpose of the 
guns was to indicate to the shipping the 
exact time at Greenwich, as, without that, 
ships that touch here having chronometers 
require to determine the error to enable the 
captains to find true longitude at sea, and 
when you think how much depends upon 
that, and the valuable cargo and lives fre- 
quently entrusted to the captain's care, I 
tnink the least we can do is to cheerfully 
give our united aid — I mean the various 
towns on the Tyne — to maintain so valuable 
an acquisition as the time daily indicated by 
the guns of the Tyne. It would appear by 
several of the speeches before our local 
bodies, viz., before the Town Council, and 
even the Tyne Commissioners, that it had 
all along been an expensive plaything, 
and that it had not answered the purpose 
it was intended for, and that gentlemen whose 
timekeepers were not always correct had 
always found fault with the gun, rather 
than with their watches, and that it wair 
always wrong, but not their watches. To 
any one who took an interest in maintaining 
the accuracy of true time, it is positively 
impossible to detect an error in the gun 
except by a fine astronomical clock and 
transit instrument. Barring an accident in 
the discharge of the gun, I can speak for the 
accuracy of the time gun, having noted it 
daily from its first commencement, and I can 



say that with few exceptions — and these have 
been accidental and also the result of thunder- 
storms — ^that it has kept time with marvel- 
lous accuracy, having compared it with daily 
observation by astronomical regulator and a 
large number of ship chronometers. Without 
these instruments and a transit instrument 
it is absurd of any one to imagine they can 
detect any fractional portions of seconds, or 
even a second. I do not know where thos3 
parties rest their proofs that the time gun 
has kept incorrect time, and has been uselen 
to ship captains. My own experience is quite 
the contrary, and I know that it is frequently 
used by ship captains and others ; and cap- 
tains of steam vessels too, which can only call 
or stay a short time, have availed themselves 
frequently of it, the same as they do at any 
other ports. I trust that these few facts will 
disabuse the public of much misrepresenta- 
tion regarding the gun which has lately been 
talked before our local bodies. I am quite 
sure the public look with unfeigned regret 
upon the fact of the " gun time " being &m 
away with, and if it is for want of a better 
site and safer away from old buildings, bjr all 
means let it be moved to a more eligible 
place, but do not let it go forth that the gim 
had failed in its object, but rather that wo 
had failed to secure a proper site for it 



ABSTEACT OF THE EEPORT OF THE 
DEPUTY MASTER OP THE MIMT 

(C. W. Freemantlb, Esq.), 

FOPw THE YEAR 1873. 
( Continued from page 59.) 



A successful attempt has been made during 
the past year in the Island of Trinidad to sub- 
stitute a currency of British silver for the old 
foreign silver coins which had up to that time 
circulated in the colony. The details of Um 
substitution are reported in a despatch froB 
Governor Longden to the Secretary of State 
for the Colonies, dated the 23rd of July, of 
which a copy was, by their lordships* direc- 
tions, forwarded to me for my informatioiL 
The total nominal value of the foreign coini 
received into the Colonial Treasury, under 
a notice issued by the Government^ mi 
£7,734 lis. 8d., and those coins when sold 
realised the sum of £G,930 Os. 5d. The losi 
on the transaction, therefore, did not exceed 
£804 1 Is. 3d., or 10*40 per cent, exclusive of 
the incidental expenses for freight^ Ac, whicb 
amounted to £146 19s. Id., and the Oovemor, 
in reporting that the change effected in tlM 
currency of the Colony will be a great advan- 
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» the oommunityy is folly justified in 
thttt the price atwliich the adyantage 
n obtained is not exorbitant, 
retoinsy not already referred to, which 
ited in the appendix, are in the same 
\ that adopted for the year 1872. The 

account, first compiled for 1872, 
B on one side a complete statement of 
enses incurred in connection with the 
ncluding the amount paid for superan- 
L and compensation allowances, and the 
Lture charged to the Office of Works 
ktionery Office on account of the de- 
nt^ during the yeur, and on the other 
erent receipts of the department pay- 
» the Exchequer. The result shows 
le operations of minting during the 
178 produced a net gain (or excess of 
I oyer expenditure) of £-10,564, as 

£98,313 in 1872. The amount of 
3ir loss in the operations of the Mint 
rily depends almost entirely upon the 
i of silyer and bronze bullion purchased 
lyerted, at a profit, into coin ; and the 
b1 reason for the large amount of profit 
accrued in 1872 as compared with 

to be found in the fact that in the 
year the silyer bullion purchased was 
,848, and in the latter only £522,957. 
arrangement of the coins and medals 
ng to the Mint, including those pre- 
by the late Sir Joseph and Lady Banks, 
m completed, and a descriptiye cata- 
as been compiled, with their lordships' 
a, by Mr. William Webster, of Hen- 
Street, Coyent Garden. The whole 
on is now open to the inspection of 
blic in the Museum attached to the 
partment, and is interesting as illus- 
of the successiye changes in design 
icution which the British coinage has 
one from the time of the Saxon kings 

present day. Among the coins of 
interest in the collection may be men- 
& shilling of Henry VII., which marks 
ortant change in the design of the 

coinage, namely, the substitution of 
'ti. shield of arms for the cross with 
8** at the angles, which had up to 
me formed the reyerse of the coins, 
istrates the great adyance in art made 
this reign. Other coins of great nu- 
ic interest are, the '' Oxford crown," 
'k of Thomas Bawlins, chief engrayer 
Mint during the ciyil war, which is 
a series of coins and medals by the 
rtist struck at Oxford before its sur- 
by tbe Boyalist forces in 1G46 ; and 
^bnted '* petition crown " by Thomas 
who was chief engrayer of the Mint 



under the Commonwealdi, and whose petition 
to be retained in that office at the Bestora- 
tion occupies the rim of the coin. 

I pointed out in my first annual report 
that the gold standard trial plate prepared in 
1829, and then in use, was below the exact 
standard of fineness, and further, that it 
might be well to supplement it with a plate 
of fine gold. Their lordships haying, in 
accordance with this suggestion, requested 
the Board of Trade to take the necessary 
steps for the preparation of new standard 
plates both of gold and silyer, and for su^ 
plementing them with plates of fine metal, it 
was decided that the Mint should undertake 
the preparation of the plates, and that the 
Ooldsmiths' Company should be requested to 
yerify their accuracy. It should be borne in 
mind that, as porticms of the plates are distri- 
buted to the proyincial assay offices in the 
country, and to the Indian and Colonial 
Mints, both their preparation and yerification 
are matters of the highest importance. 

I had hoped, as mentioned in my report for 
1872, that the preparation and yerification of 
the new trial plates would haye been com- 
pleted before the usual time for holding the 
trial of the pjx in the following year. I 
found it necessary, howeyer, on the 30th of 
June last, to intimate to the Warden of the 
Standards that it would not be possible to 
complete the necessary arrangements before 
the 17th of July, the day fixed by their lord- 
ships for the trial, and I explained the reasons 
which had led me, though unwillingly, to 
that conclusion. I found that, although no 
efibrt had been wanting to prepare accurate 
plates within the period which it had been 
anticipated would be sufficient for their com- 
pletion, and although three out of the four 
plates to be prepared had been completed 
and were ready for deliyery, the difficulties 
attending the preparation of the plate of 
standard silver haa not been entirely oyer- 
come. These difficulties, as has been re- 
peatedly pointed out, are caused by the 
physical phenomena which attend the union 
of silver with copper, and I was obliged to 
report that it haa not been found possible to 
bring to a satisfactory conclusion the delicate 
and tedious experiments connected with the 
{Mreparation of this plate. So peculiar, indeed, 
is the molecular structure of the silver-copper 
edloy, that it may be doubted whether a plate 
com'poced of silver and copper in the propor- 
tions prescribed by law can with advantage 
be put forward as a correct standard of re- 
ference ; and, while therefore it appeared 
undesirable to alter the arrangements for 
testing the accuracy of the coinage which had 
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existed for maoj ceDtnries, and whicli had 
been 'embodied in the Coinage Act of 1870, 
it waB proposed that the standard plates 
should be supplemented by plates of as nearlj 

as possible absolnte pnrity. 

The reasons for this recommendation are 
fally explained by Mr. Roberts, but it may 
be well briefly to state the manner in which 
standards are used in assaying, the process 
being a rapid chemical analysis, the results 
of which indicate with a high degree of accu- 
ncy the relative amounts of precious and 
base metals present in the alloy under exami- 
nation. In the assay of gold and in the dry 
aesey of silver, the base metal is in the Srst 
instance eliminated from a known weight of 
alloy, and the amonnt of fine metal remain- 
ing ia then accurately determined by weigh- 
ing. The details of the operation, however, 
are complicated, and the accuracy of the 
result may be afifected by many causes. It 
is necetsary, therefore, to submit to assay, 
side by side with the alloys to be tested, 
pieces of " standards" of known composition; 
but, as sny error in the composition of the 
" standard " used will be reflected in the 
result, it is preferable to nse as a check an 
amount of absolutely pure metal correspond- 
ing in weight to the amount of the pura gold 
or silver supposed to be present in the alloy. 
It is evident how great an advantage lies in 
the use of checks of pure metal when it ia 
considered that, while the attainment of 
QDiformity of composition in an alloy of two 
metals is almost impossible, the preparation 
of pure gold and pure silver does not offer 
insuperable difficulties. 

Plates of gold and silver of standard iine- 
ness as directed by the Coinage Act, and 
supplemental plates of pure metal, were 
finally placed in the hands of the AVarden of 
the Standards, and submitted to the Gold- 
smiths' Company for verification on the 22nd 
of December last. The examination made at 
Goldsmiths' Hall was conducted with due 
regard to the importance of the issue in- 
Tolved, and proved the purity and accuracy 
of all the plates. 

In June, 1873, a new coinage law was 
passed in Korway, establishing a single gold 
standard, with precisely the same gold coins 
as those adopted by Sweden and Denmark. 
As regards silver coins, the Norwegian two- 
crown and one-crown pieces are identical with 
the same pieces in the Swedish and Danish 
systems, but it has been resolved, instead of 
adopting the decimal sub-division of the 
crovm, to maintain the old arrangement of 
dividing it into 30 skillings, and to coin pieces 
of24,I5,12,and3Bkilliiigs. It is to be feared 



that this resolution will lead to mach incon- 
venience, as precluding the free international 
circulation of Norwegian coins with those of 
Sweden and Denmark, but it may be hoped 
that the Storthing will eventually agree to 
join the Convention, and thus complete tht 
establishment of a monetary system commra 
to all three countries. 



27te Safe Use of SUam. Containing Balea 
for the Onidance of Unprofessional Steam 
Users. By an Ekqinebo. London : Lock- 
wood and Co. 

This admirable little book aims at disi> 
pating the very general ignorance that 
prevails among owners of eteam-cngiiui 
respecting the principles and the constnutioa 
of their boilers, &c-, and appears calcnUled 
to attain its end, being written so clearly u 
to be understood by all who will read ft 
attentively. There is, however, rather s 
profusion of technical terms in inverted 
commas, some, indeed, so technical as to b* 
unknown to many engineers. The oilj 
advantage we can see in cutting oCT a gnag^ 
glass irom the inside, as the author recoa- 
meuds — instead of from the outside — is tlta 
difficulty of accomplishing it. A rule tv 
ascertain the proper amount of lifting for tin 
valves of the feed-pumps— taking into aa.- 
sideration the size and the speed of the ram- 
would have been valuable information ; but 
to say that " from I'gths to a ^ of an inch ii 
generally sufficient,'" is too general, and 
would be misleading. The author laji 
proper strees upon the evil of allowing lisj 
joints about a boiler to leak eveu ever » 
slightly, although the steam user mi^ 
just as well have been told the tendency to 
leak is often caused by the wretched 
engineering which so arranges pipes that Ihef j 
cannot expand ireely. 



The Hampshire AdferHeerBajB a Winehestff 
jeweller has for inspection a valuable ex- 
ample of English watch-making, which odbs 
marked time for an Indian potentate. It 
has a duplex escapement, and repeats Ite 
hours, &c., and is made by the firm of 
McCabe, of London. It was the propertt[o( 
the finder. General Abbot, an old Inoiia 
soldier, and bears tbe annexed commemoi*- 
tive inscription : — " This watch was foDodis 
the tent of Akbar Khan after the actiol 
fought in firont of Julalabad, April 7tb, 
1812." 
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I to be addressed to the Editor, at the 
tttte, 35, Northampton Square, B.C. 



itar of The Hobological Joubkal. 

ISOCHRONISM. 

* Onus Proband! '* has favoured me 
ply, but I really am uncertain what 
» because I can take his reply two 

B, a spring is not perfectly elastic, 
kch reacting force is somewhat less 

force which acted on it — this is 
.eed, it is said there is no known 

in nature that is perfectly elastic ; 
itly the inference I possibly might 
1 this part of his letter is, that a 
Quot produce an isochronal motion 
iced wheel through yariable augu- 

• 

another part of his letter he says, 
ng is to the balance that force that 

to the pendulum." Now, if this 
n hypothesis might be started that 
is capable of producing isochronal 
f a balanced wheel, precisely the 
)r. Hooke's theory of isochronism, 
if the spaces to be described are 
lal to the weights which make 
m with the tension of the spring, 
of the motion would be equal. 

sir, that "Onus Probandi" does 
lis way clear in this matter ; my 
' saying so is because he cannot see 
learly without he understands the 
between a mechanical power and 
nd it is very unusual for a person 

understand the diflPerence, to try 
thep, because he must be well 
wilfsignally fail. 

Iraw a pendulum on one side from 
', point, the earth's attraction op- 
' doing so, and, when we release 
the earth's attraction will operate 
endulum with the same force it 
»ur drawing it on one side, minus 
from extraneous resistances ; and, 
»t for tiiese resistances, the pendu- 
1 rise to an equal height on the 
) the lowest point ; hence we have 
law of the simple pendulum, pro- 
were subject to no extraneous re- 
•r impulse, that when once set in 
\ oscillations would go on for ever 
, and performed in equal times. 
D we move a balance round on its 
ilance-spring resists our doing so. 



but when we release the balance the spring 
will no^ operate as a motive power to the 
balance with the same force it resisted our 
moving it round, not even if there was no 
friction or resistance of any kind, because 
the spring is a mechanical power that has 
got to move the mass of which itself is 
made, as well as whirl back the balance, and 
a part of its force is employed in moving its 
own mass, and, therefore, is not a// employed 
in giving motion to the balance ; what part 
of its force is so employed it is impossible to 
ascertain, but it would be different with dif- 
ferent material, such as gold, or steel, the 
gold being much heavier than the steeL 
Farthermore, it is characteristic of a me- 
chanical power, such as a spring, that its 
energy of operation diminishes, as the body 
acted on recedes faster from the spring's 
action. 

In small machinery of watches, where the 
balance collet by which the balance is 
whirled is very small, having very little 
velocity, and the material of which the 
spring is made is very small too, we see that 
if we move round a balance, say 180** from 
the quiescent point, the balance will vibrate 
round nearly 180** on the other side ; never- 
theless it is not so near as it would be if the 
spring restored to the balance all the force 
it took to wind up the spring, minus extra- 
neous resistances. 

Dr. Hooke has frequently been cited as an 
authority in the matter of an isochronal 
property of spiral springs by persons who 
have not known his argument is a failure ; 
his theory is based on an assumption that a 
spring restores to a balanced wheel all the 
force it takes to wind round the wheel and 
spring, and it does not do so, hence his 
tneory fails ; but in Dr. Hooke's time it 
does not appear there was any notice taken 
of the difference between gravity and mecha- 
nical and animal powers, so it is no wonder 
he should have overlooked the matter ; but 
more is known now, and explained by some 
of the chief writers on mechanics. 

Before closing this letter, I would remark 
that many persons make use of the word 
isochronism without properly understanding 
the nature or order of the motion they are 
using it to. Mr. Butter, in his spelling- 
book, says the work is derived from the 
Greek, Isos, which means equal, and Chronoa^ 
which means time ; hence we say isochro- 
nous, or equally timed, and thus the mean- 
ing of the word is very clear. But to be 
time there must be some kind of motion, 
and the word does not express what kind of 
motion it is to be applied to ; meaning 
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nothing more than equal times, it can be 
applied to any kind of motion in which the 
times are equal. For instance, the uniform 
daily motion of the earth is isochronous ; a 
body moTing with an accelerated and re- 
tarded motion in a cycloidal arc is isochro- 
nous ; but these, although they are different 
kinds of motion, yet they are motions of 
simple bodies, that is, they are not a machine. 

In the case of machinery, such as watch or 
clock works, the pendulum and balance are 
under the action of two forces, which fre- 
quently yary in their effect ; nevertheless we 
may say the vibrations are isochronal, pro- 
vided the times are equal, and the train 
wheels are isochronal too, for they perform 
their revolutions in equal times ; indeed, it 
IB only by their being isochronal that we 
know the long and short arcs of the balance 
are equally timed. 

So, what with the land fide isochronal 
motion of bodies moving in cycloidal arcs, 
and Dr. Hooke's hypothesis of the isochro- 
nism of balanced wheels whirled by springs, 
and this other sort of isochronism of ma- 
chinery, it is necessary for a person who 
wants to have correct notions on the subject, 
to clearly understand the nature or order of 
the motion he is using the word isochronism 
to, or he may get puzzled over it : we have 
only to look through the literature of watch- 
making to find abundant proof of the vague- 
ness and misunderstanding on the subject, 
simple as it is. 

Yours Ac., 

UNIQUE. 

Sir, — After "Onus Probandi" had pre- 
sumed to criticise and denounce Palmer's 
Essay, I asked him, through the November 
number, for the information of the readers 
of the Journal, to supplement his remarks 
that " the laws of isochronism are determined 
by the length of the spring for giving equal 
time in the long and short arcs of vibration " 
by stating the length of spring possessing 
that property, or how such a length could be 
obtainecC and also to define what he intended 
by the equilibrium of the balance by which 
the timing is to he done. In the December 
number of the journal "Onus Probandi" 
deigns no information regarding the first 
point, and in reference to the other matter, pro- 
fesses to understand my question to be, that 
he would define the meaning of the word 
equilibrium. Assuming that when " Onus 
Probandi," by means of your Journal for 
October, denied Mr. Palmer's conclusions in 
such 'stinging and unmeasured terms, he 
really intend^ to convey something by the 



words I quoted, I trust he will have the 
courtesy to endeavour to make his meaning 
clear to the readers of the Journal. 

Yours, &C.9 

R K 



THE COMPENSATION ERROE. 

Sir, — In reading Mr. Crisp's essay, I came 
across a valuable piece of information, viz., 
the mention of tables published by the 
Astronomer-Royal proving that, with an un- 
compensated balance, the loss in beat to take 
place steadily and uniformly ; a certain fixed 
loss or gain corresponding exactly to my 
one degree of temperature. This, of conrn, 
does away with the theory that the balance* 
spring loses its elastic force in some aoeele* 
rated ratio which, I confess, was quite ao 
article of faith with me, as it was with many 
others who, like me, had not the advantise 
of knowing anything about these tables. It 
is, therefore, solely in the balance that the 
cause of the middle-temperature error nuiBi 
be looked for, but the simple contraction and 
expansion in heat and cold does not acooimt 
for it. There is no reason why the rims, being 
parts of circles and of a uniform thickneBii 
should not retain a perfectly circular form 
when affected by heat or cold, and if this 
is the case, it is quite certain that the 
compensation weights approach the centre 
quicker as the temperature rises than tbej 
recede from it as it falls again, and the error 
should, therefore, be the other way. Anj 
one of your readers may satisfy himself upoD 
that point by referring to an admirable 
enquiry into the motion of compensating 
weights in action hj Mr. R. Webster, in No. 
67, vol. vi., of the Horological Journal It 
was in consequence of this fact being proTsd 
beyond any doubt that watch-md»i 
imagined an error in the spring in excess of 
that in the balance, the latter taking place 
in the right direction^ but not to a si^cient 
extent. 

With these tables before us, this rather 
convenient way of reasoning can no longer 
be adhered to, and it is my belief that the 
true cause will be found in the centrifiigal 
force exerted by the balance, causing the 
weights to " fly out " at the quickest p>ui of 
the vibration, and by that means considef- 
ably affecting the long and short vibratiom^ 
which was so forcibly pointed out to joor 
readers by Mr. B. Denmson, of Bradford, is 
the July number of last year. If tl^ I 
balance-rims are very thin it may become i . 
matter of impossibility to attain isochronisaL , 
Chronometer timers are well aware thii J 



JiavuT, 1B75.] 



E HOBOLOaiOAL TOUBNAL. 



eratT Blteration of the veigbts neoewitates « 
le^joBtment of the spring, and leare, there- 
fore, iaochroDism till the compensatioa is 
pofeet, or neftrlj go. 

It would be interesting to know the exact 
extent to which this centrifagal force retardi 
the Tibrations, I hare notbad time to make 
experinientB in this direction, but I think it 
must be considerable ; and as at each Tibra- 
tkm the elasticity of the rims is pnt in 
leqaisition, their pover of resistance, as well 
«a their leetitutive force, mnst necesaarilj be 
unpaired by heat ; the rima enlarge more 
thui in cold, and retard the Tibrations to 
anch an extent as to more than connteract 
the balance error, and all the more so from 
tlw notorions fact that the vibrations them- 
adTSfl considerably angment in heat. 

I Tcry mnch qnestion whether the good 
performance of snch balances as Knllberg'a 
and Hartnnp's is not mainly due to the 
Coot that their form and constmction offer 
leai scope for the display of the centrifagal 
fbroe. 

In consideration of the general interest 
fait JQst DOW in the enbject of compensation, 
yoa will, perhapa, find a place for this in the 
next muDDer of the Jonmal. 

M. IMUI3CH. 

DRUM TIMEPIECES. 
Sir, — The tendency of drum timepieces 
to atop for want of power, of which yonr 
correepondent " Plymouth " complains, in a 
je^ common one, and arises, of course, from 
denctire caliper, the barrel not being large 
eaongh to allow a proper length of sntG- 
ciently strong spring. The ertl may, how- 
arer, sometimes be remedied, and the timc- 
[oece be made to go the lost few days, if the 
yower be economized so as to rednce the 
iDcking and impnlae pressure. I have many 
tunes sacoeeded in overcoming the difficulty 
by altering the shape of the p^lete, as showa 




by the annexed sketch. If the dotted lines 
repreient the original form of the pallets, 



then the alteration oonsistB in redncing the 
cironlar part or locking pallet, leaving but » 
Blight iropnlse plane on the same, and making 
the opposite one so long as to eqnalisie the 
drop, 

Tonra Ac., 

R. T. 

Sir, — I shonld advise *' Plymouth " to 

examine well all wheels, to see if any tooth 
is bent, or has bnrr left to stop it. Aleo to 
diminish the thickneag of escape and fourth 
wheel, say to one-half. Also to reduce the 
size of the escapement pivots, and polish 
them well. Sometimes the wheels want 
topping or roanding np. 

Tonrs &c., 

A. D. 



SiE, — In reply to " Plymonth," respecting 
the stopping of these timepieces, I beg to 
inform him, that provided the depths, end- 
shakes, Ac., are correct, as he states, there is 
only one method of cure — which is to put a 
new pair of pallets, embracing more teeth of 
the escape-wheel. By this means the escape- 
wheel will command a greater leverage over 
tbe pendulum, and conscqnently maintain its 
vibrations with lets power. I usually file off 
the original pallets, and iit on the arbor a 
new pair, embracing five teeth, which never 
fails to make them perform the full time. If 
the third and fourth wheels are unnecessarily 
thick, it is well to reduce tiiem considerably, 
so as to diminish the friction on the pinions. 
Yours, &c., 

J. E. M. 
Chard. 



"A. PROMANTELL." 

Sir, — In reply to Messrs. Reid and Sons' 
(luestion as to the date A. Fromantell was 
living, the following account of him is from 
Edward Wood's "Curiosities of Clocks and 
"Watches" :—" A pendulum clock was, how- 
ever, made by Richard Harris, a London 
artist, for St. Paul's Church, Covent Garden, 
in IG-II or 1042. Inigo Jones, the architect 
of this chnrch, having been in Italy while 
Galileo was living, possibly communicated to 
Harris what he had heard there of the pen- 
dulum. It is, moreover, stated that the first 
pendulum clocks made in England were con- 
structed by John Fromentel (or, as variously 
spelt, FromBntil,FromaDteel, and Fromantil), 
a Dutchman, Evelyn, in his diary, under 
date May 3rd, 1661, records that he returned 
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by Fromantela's, the famous clockmaker, to 
see some pendaleB." The Commonwtalth 
Mercury of Thnraday, November 25, 1668, 
contains the foUoning adrertieement on this 
subject, by which it woald appear that the 
mechaciciaiL'B first name was not John, and 
that all the dates above enumerated ore in- 
correct : — 

" There is lately a way found ont for 
making clocks that go exact, and keep 
eqnaller time than any now made withont 
this regulator, examined and proved before 
his Highness the Lord Protector, by each 
doctors whose knowledge and learning is 
withont exception, and are not subject to 
alter by change of weather, as others are, and 
may be made to go a week, a month, or a 
year, with once winding np, as well as those 
that are wound np every day, and keep time 
as well, and is very excellent for all honae 
clocks that go either with springs or weights ; 
and also steeple clocks that are most subject 
to change of weather. Made by Ahaenerns 
Fromanteel, who made the first that were in 
England. You may have them at his honso 
on the Bankside, in Mosses Alley, Sonthwark, 
and at the sign of Mere Maid, in Lothbury, 
near Bartholomew Lane end, London." 

Again, Evelyn says, under date Nov. 1st, 
1660, " I went with some of my relations to 
Court to show them his Uaj*^ cabinet and 
closet of rarities. . . . Here I saw .... 
amongst the clocks one that showed the rising 
and setting of the sun in Y' Zodig, the sunn 
represented by a face and rales of gold npon 
an azure skic, observing Y* diurnal and an- 
nual motion rising and setting behind, and 
landscape of hills, the work of our famous 
Fromantel." 

I am, sir, &o., 

W. B. CRISP. 



%z Citrrcspnknts. 



Will some of your correspondents have the 
goodness to tell me through the medium of the 
Journal, the proper method of tisiny the touch- 
stone, in ascertaining Ike quality of a piece of 
gold? Also I luivea goodlever V!atch,whichwiH 
go say for a month, and keep yood Ume, then on 
taking it out of the pocket some day I will 
find it an hour or two bach, but still going. 
It must of course have been stopping, and I 
appreliend Uie fault to be in the escapement. 
Perhaps some one toill kindly give their opinion 
as to what may be the probable cause, and by 



doing to, they will greatly oblige an old tub- 
«riW.— a. S. W. 

Oan any of your readers give mt any inform- 
ation respecting a Geneva watch I have. It 
loses time in die pocket, and gains time laid 

down.—&. OONSTAST HUBSCaiBEB. 

Can any reader inform me of the method 
employed by John Oottlieb Uirich to u«- 
magnetise the balance and pendulujTtspring, 
as mentionedin hisEssayon Compensation, in 
the December number of Die Journal?^ 
J. E. M. 

Jobber — Wlio sympathises with"Plymouth' 
in Die difficuUies he has with drum titnepieas, 
will observe l/iat the question fias received the 
attention of two correspondents. We read 
Jobber's letters with much pleasure, and sian 
his desire that the Journal shall be the meam 
of conveying practical information to the 
younger memba-a of tlie trade. 

E, B. Paekes. — We think you are right. 
Graham may possibly have thought of tie 
lever escapement, and Vie Abbi Hautefeuills h 
mentioned as having invented it about 1720, 
but the practical application is undoubtedly dm 
to T. Mudge, who made a lever watchfor Qiittn 
Charlotte about 1770, while Peter Litherland 
did not obtain his patent for ilte rack levtr 
till 17U. 

J. J. P.— Mr. B. L. Vulliamy diedin 
1854, at the aye of seventy-four. 

P. '^.—All the hack eolumei of the Jounsl, 
except I., nil. and IX., are t» print. Then 
is no separate index publiehed. 

Gilt. — Pind beek, leho discovered the aSej 
of metale closely resembling gold, lived (" 
Olerkeawell in 1721, and aflerwardt in Fleet 
Street. There is a description of f^yusoii't 
paradox in one of the early numbers of tki 
Journal. 

TybO. — Plumbago has been used loilk totu 
success as a lubricant for clock pivots. 

P. 3.— The elder Arnold died in 1799. 

G. V. a., St. John's Wood.— r4« /i« 
spent on your device for causUtg pendalupu to 
describe a eycloidal curve it simply toasted-^ 
there is so little difference betmeen the cyeldd 
and the circular arc for small vibration*, t 
fact to which attention has beat drawn ottr 
and over again, althouyh apparently Kilho»t 
effect; besides, pendulums when sivingingfri)* 
a spring, do not really move in tie arc of s 
circle, but quite as nearly in a cycloid e* 
practice demands. Mead JDenison's wort. 
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0m00iral Inatito. 



The Half-yearly Cteneral Meeting of the Members for receiving the Report of the Conncil 
and the transaction of ordinary business was held at the Institute on 

Tuesday, January 12th, 1875.] 

Mr. John Jones, P.R.G.S., Vice-President, presiding. 



AjPTEB reading the minutes of the previous 
General Meeting, the Secretary read the 
Report and Balance Sheet appended : 

^'Bepari far the half-year ended December 

SUt, 1874. 

" The Council have much pleasure in re- 
porting the continued prosperity of the 
Institute. Three of the chief sources of 
income — the members' subscriptions, the 
sales of journals, and the advertisements — 
hare been more productive during the half- 
year than in any other similar period since 
the existence of the Institute. 

** Since the last report of the Council the 
Institute has had to lament the death of Mr. 
Elaftenberger, a member of the Institute 
firom its establishment, and a vice-president 
for 14 years. Daring the early days of the 
Institute Mr. Klaffcenberger was one of its 
most energetic supporters, and was at all 
times conspicuous for his generous, kindly, 
and conciliatory disposition. 

"The prize of fifty pounds which the 
Conncil were enabled, by the kindness of the 
Baroness Burdett-Coutts, to offer for the best 
Essay on the Compensation Balance, fell to 
Mr. W. B. Crisp, by the unanimous award of 
the adjudicators. In the exercise of the 
right held by the Council, Mr. Crisp's essay 
has been published in the Journal. Some of 
Uie other essays sent in competition are also 
being published by permission of the authors, 
whose good feeling and courtesy the Council 
desire to acknowledge. 

"The Council haye much gratification in 
being able to report the satisfactory state of 
\he classes under the direction of the Secre- 
tary. The classes are larger and show a 



better average attendance than at any other 
time since the Institute has been favoured 
with the assistance of the Goldsmiths' Com- 
pany, 

" In September an opportunity was afforded 
to the members of inspecting Woolwich 
Arsenal — a privilege of which about 70 
availed themselves. 

''Discussion meetings were held at the 
Institute on November 11th and December 
8th, awakening so much interest that the 
Council desire to ask of the members gener- 
ally their assistance in rendering meetings 
for discussing technical subjects a permanent 
feature of the Institute. 

"Eighteen members have been elected 
during the half-year. 

" The following additions have been made 
to the Library and Museum: 

"A copy of Ludlam*s Observations made 
in St. John's College, Cambridge, presented 
by W. Ellis, Esq., P.B.A.S. 

"Two parliamentary returns relating to 
the Westminster Oreat Clock, presented by 
Mr. Ulrich. 

"A copy of the Fifth Edition of Clocks, 
Watches, and Bells, and a copy of a new 
edition of Astronomy without Mathematics, 
presented by the Author, Sir Edmund 
Beckett, Bari, Q.C. 

" A model of a tool for drilling off move- 
ments for watch dials, presented by Mr. 
Martin. 

" By order of the Council. 

"F. J. BRITTEN, 

''Secretary:' 
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Balance SJieet for tlie Half -year ending {December 31, 1874. 



Dr. 



To Balance in Treasurer's hands 

at last Audit 

Balance in Treasurer's hands 

Building Fund 

Prize Fund (Gift of the 

Baroness Burdett-Coutts) 
Subscriptions 
Sales of Journals ... 
Adyertisements 
Drawing Class Fees 
Sundries 
Six Months* Interest of 

Building Fund 



)9 

» 
99 
99 



£ s. 
25 12 
52 10 



dj 
6 

7 



50 

104 6 8 

55 11 10 

76 18 11 

1 15 

2 12 6 

16 5 



£370 14 4 



Or. 

By Payment for Prize Essay . . . 
„ Cost of Engraying Dies and 
Striking Medals 

Bent, Taxes, and Insurance 

Salaries, Wages, and Com- 
missions ... 

Journal Expenses 

Stationery, Stamps, &c. 

Printing 

Journal Loan Kepaid 

House Expenses 

Sundries 

Balance 

By Cash in Treasurer's hands ... 

By Cash in Treasurer's Hands, 

Building Fund 63 



99 
99 

99 
99 
99 
99 
9> 
99 



£ 


8. 


d. 


50 








20 


19 





34 


10 





67 


1 


10 


92 


11 


4 


7 


6 


8 


1 


5 





10 








16 


12 


9 


5 


19 






306 
10 



5 7 
11 9 

17 



£370 14 4 



'' We haye examined the aboye statement, together with the books and youchers, and 

certify the same to be correct, this 12th day of January, 1875. 

"G. H. HAWKINS. 
"JAMES PYOTT. 



rs. \ 



Auditors.'" 



Thb Chaibmak, in moying the adoption of 
the report and balance-sheet, said, the report 
of the Council had perhaps less yariety of 
matter than usual, but it gaye eyidence 
of satisfactory progress. At the inception of 
the Institute, some of the members of the 
trade were no doubt carried away with the 
grandeur of the idea, and expected wonderful 
results which were not exactly realized, and 
they in consequence relaxed their labours. 
The Institute had passed through the de- 

fression following the first rush of energy, 
t had had its share of internal contention, 
and \t% times of torpidity ; but now eyen if 
the labours of the Council was less, it was 
fairly prosperous, thanks to the energy of the 
secretary. The measure of success was not 
what they might say about themselyes, but 
what other people said of them, and now they 
found their ex^ona in the way of tedbLnical 
education, and their endeayours to adyance 
the trade generally, were receiyinff the coun- 
tenance of the Press. Their exhibition had 
been warmly commended by tiie Tines and 
other newspapers. Not only iJie Press, but 
persons ana corporate bodies who were keenly 
aliye to all matters connected with the 
welfare of the country, expressed their ap- 
proyal of the manner in wmch the Institute 
was conducted in a practical form. They 
had to acknowledge the yaluable assistance 
of the Goldsmiths' Company, whose funds they 



all knew were inyariably applied with dis- 
crimination. The members were aware, etett 
before the report of the Council was read, of 
the adjudicators' decision regarding the piin 
ofiPered for the best essay on the Compensatkm 
JSalance, but he mentioned it in order to 
acknowledge their obligation to the Astro- 
nomer-Royal, Sir Charles Wheatatone, and 
Mr. Walsh, who undertook the tadc of 
deciding the relatiye merits of the pi^ 
sent to compete. 

Lady Burdett-Coutts, by whose liberalikT 
they were enabled to offer the prize^ had 
recently giyen another instance of her wUling- 
ness to assist them by offering to conlribnie 
one-half of a sum required to pay for m 
essay on Isoehronism. Mr. Cole was nav 
growing in years, and the Council felt it 
would be an adyantage if they could thzoodi 
their Journal place before the members tbe 
results of his long experience. Snbject to 
some details, an agreement had been entered 
into, and he thought that not the lotft 

E leasing thought of Mr. Cole would be that 
y hia own essay he had contributed to the 
information of the trade in which he had 
attained such eminence. On all hands tfacj 
receiyed congratulations respeoiang the im- 
proyed appearanoe of their Journal and of ite 
oontenta. The only incident of the half 
year calculated to caU forth fbelingB of sonov 
was the loss they had sustained by the deatt 
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. Elaftenberger, who endeared himself 
with whom he came in contact. As his 
and speech implied, he was not a native 
3 country, but he adapted himself with 
facility to the habits of Englishmen, and 
id into the affairs of the Institute with 
J and good feeling, making his loss a 
r of sincere regret to them. There 
red no other point in the report re- 
ig comment. They were going on well, 
970uld, no doubt, gradually attain a 
9n of distinction. 

. Jackson (treasurer) said he could 
se the remarks of the chairman a? to 
.vancement of the Institute, particularly 
jrence to his particular branch. Finan- 
, they were making steady progress, 
ordinary sources of income were more 
c, and, supplemented by the handsome 
3f the Baroness Bnrdett-Coutts and the 
miths' Company, enabled them to pro- 
br the intellectual wants of the trade 
ntly. He thought, however, there was 
oom for more members, aud suggested 
n invitation to co-operate might with 
tage be sent to many members of the 
throughout the country. He had 

J>leasure in seconding the motion of 
option of the report and balance- 

. BiCEHLEY thought the progress of the 
nte might well be indicated by the one 
> fact that they were out of debt. He 
ected that when he joined the finance 
littee they were heavily indebted to the 
T, and in addition to being under the 
raging influence which accompanies 

they were continually hampered in 
action for want of means. The chair- 
lad taken a right view in attaching the 
tance he did to the countenance of the 
As a constant reader of the Timee^ 
d observed a desire on its part to sup- 
inch institutions as theirs. Mr. Walter, 
, in the course of an inaugural address 
I he delivered at the Quebec Institute, 
t»d in the Times of November 25th, 
quoting from a report fomifihed to the 
nment by our foreign consuls, said, 
JB workmen are competent in their 
d trades, and take an interest in their 

for, thanks to their superior education, 
folly appreciate the pecuniary advan- 
to their maaters and indirectly to them- 

by adhering strictly to this course. 
Jong instance of the impolicy of acting 
irisehas lately happened at St. Imier, in 
emeae Jar% and produced a deep im^ 
on. In thk diatrict, for some years 
El great falling o£f in the quality of the 



watches manufactured has taken place, owing 
to the inhabitants finding it much more 
profitable to increase the production at the 
cost of the workmanship than to abide by 
the old rules of the trade. They prospered 
beyond all expectation for a considerable 
time, but finally their watches got such a bad 
name that they became unsaleable, and the 
result is a general bankruptcy of nearly all 
the watch manufacturers of this district.*' This 
technical education for watchmakers (con- 
tinued Mr. Bickley), imparted by the govern- 
ment in Switzerland, was in England left 
entirely to the Horological Institute, and it 
was against the tendency to degrade watch- 
making from its position as. an art that the 
Institute had struggled for years. But the 
other day the council of Trades Unions were 
discussing the practicability of giving tech- 
nical education. All were agreed as to its ne- 
cessity, but appeared equally at a loss for a 
method of application ; while here the 
Institute had a scheme in practical operation 
for years, as far as their own trade was con- 
cerned. 

Mr. Glasgow agreed with Mr. Bickley 
that the determination to maintain the high 
character of English work was really sound 
commercial policy. He thought it a pity 
that England had allowed the clock-making 
to go elsewhere to the extent it had without 
an endeavour to produce really good clocks 
by machinery. Her was glad to observe a 
willingness among members of the trade to 
give practical informationthrough the Journal 
when asked for — that spirit of exclusiveness 
and silly mystery was less apparent, although 
he was afraid that one or two conmnnications 
he had lately read were penned in a spirit of 
insincerity. He thought that if a special 
invitation were issued to country members 
of the trade it should be accompanied with a 
copy of the Journal as evidence of the work 
the Institute was really engaged in. 

The motion for the adoption of the report 
and balance-sheet having been carried unani- 
mously. 

The Chaibman moved a vote of thanks to 
the Auditors (Mr. James Pyott, and Mr. G. 
H. Hawkins), who had given their services 
willingly and gratuitously for years, which 
was seconded by Mr. Jackson, and carried. 

The Chairman said that during the half- 
year an incident had occurred which was not 
mentioned in the report because it was as yet 
unsettled. An application had been made 
by the Post Office authorities to the Institute 
to pay rent in future for the wire by which 
they obtained the time-signals from Green- 
wich. Their president. Sir Edmund Beokett» 
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had drawn for them a memorial to the Post- 
master General, to which an nnfavourable 
but somewhat unintelligible reply had been 
received. However, as they hoped to carry 
the matter farther, he need not more par- 
ticularly allude to it ; he simply rose to pro- 
pose that they should thank their President 
for what he had already done in the matter. 
Oratitude had been described as ^'a keen 
expectation of future favours," and it was 
just possible they would have to trouble the 
president again in the matter. In any case, 
ne did not think his proposition would be 
out of place. 

The vote of thanks to the president having 
been seconded and carried, 

A vote of thanks was accorded to the 
secretary, for his exertions on behalf of the 
Institute, on the motion of Mr. Jackson. 

Mr. James TJ. Poole had much pleasure 
in proposing that the thanks of the meeting 
be tendered to the chairman, not only for 

E residing that evening, but for the interest 
e invariably manifested in the welfare of the 
trade. 

Mr. Bacon gladly availed himself of the 
privilege of seconding Mr. Poole's motion, 
which was carried enthusiastically. 

Hie Chaibkav, in acknowledging the com- 
pliment, mentioned the stride made by the 
Turners' Company as an instance of what 
mieht be done by perseverance. He said it 
had always been a pleasure for him to do 
what he could for the trade, and expressed 
his gratification that the Institute haa made 
such progress. 

TELEaRAPHiNGTiME. — ^The following is the 
manner of giving correct standard time to dl 
the telegraph stations, 255 in number, on the 
main line and branches of the Philadelphia 
and Heading road : — ^At three minutes to 
4 o'clock p.m., d^y, except Sunday, sJl 
business along the line is suspended ; and by 
means of a series of repeaters all the lines of 
this company, thirty-six in number, are 
arranged so as to be operated and controlled 
by one operator at the Beading office, who 
has a chronometer before him, irom which 
the correct time is given. Commencing at 
three minutes to 4 p.m., the operator says 
" time " on the lines, which calLs the atten- 
tion of all operators to adjust their clocks, 
and is continued at short intervals until five 
seconds to four, when he opens the circuit. 
At 4 o'clock he makes one tap ; at fifteen 
seconds after 4, two taps ; at thirty seconds 
after 4, three taps; at forty-five seconds after 
4, fonr taps; and at one minute after 4, 
five taps. — Iron, 



^ritis| Honlogkal Institutt- 



LIST OF NEW MEMBEES. 

Austen, — , Watch Maker, 18, President- 
street, E.C. 
Baker, Joseph, Lever Escapement Maker 

and Watch Manufacturer, Woodstock, 

Oxon. 
Beuthin, John Cheswell, 3, Regent's-park- 

terrace, N.W. 
BowEN, A. 0., Watch Manufacturer, Ripley, 

Derbyshire. 
Corker, H. D.,6, Dartmouth-terrace, Forest- 

hiU, E.C. 
DicKESON, Frederick, 8, Turl - street, 

Oxford. 
Gardner, K., Junr., Lochbrae, New Kil- 

patrick, Dumbartonshire. 
Hardy, S., 13, Thavies-inn. 
Harris, W. L., Watch Maker, 35, Skinner- 
street, Clerkenwell, E.C. 
Holland, W., Chronometer Maker^ Book 

Ferry, Birkenhead. 
Lang & Sohne, A., Watch Mannfiftctoren, 

Glashlitte, Saxony. 
Lund, & Blockley, Messrs., Watch Hana- 

facturers, 42, Pall Mall, S.W. 
Marsh, Thomas, Watch Maker, Dorkiiig, 

Surrey. 
Parkin, E. A., The Chantry, The Otee, 

Exeter. 
Richards, J. H., Watch Maker, 57, North 

Main-street, WexfonL 
Smith, 6., Clock Mdier, Osmaaton-ioad, 

Derby. 
Taylor, John, Jonr., Watch Maker, 

Dunning, N.B. 
Webb, Arthur William, Springer and 

Timer, 4, Pullin's-row, Islington. 
Williams, T. J.,' Chronometer Maker, 2, 

Bute-dock, Cardiff. 



Glasgow Goldsmtthb* Compaht.— A 
special meeting of the wardens and members 
of this company was held yesterday forenoon 
— Mr. Wm. Alexander in the diair — ^for the 
purpose of electing two wardens in the room 
of Messrs. David Sutherland and Andrew 
Kelly, deceased. The meeting nnanimoofilj 
appointed Messrs. William Taylor and Wil- 
liam Alexander, and a^eed to send letters 
of condolence to the widows and funilies of 
the deceased wardens. A conmiittee wts 
appointed to draw up rules for the ctuuritable 
society in connection with the members of the 
company, and report at the annual meeting 
in July. 
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THE LEVER ESCAPEMENT. 

(SECOND PAPER.) 
BT JOHN FEWTRELL. 



I BATE to apologize for the long delay in 
the appearance of mj papers, bat I was 
obliged to lay them aaide by more urgent 
demands on my leiaare honrs, and was rather 
relnctant to recommence them until I saw 
yonr " Notice to ComnpondentB " in the 
Jonraal for November. 

The following calcoIationB and diagrams 
are for pallets with " eqnidiatant lock- 



ings," and will, I hope, be readQy understood' 
Given : — Radins of wheel = 1 ; angolar 
breadth of pallets = 10" ; drop = 2° j lock- 
ing angle = S" ; impnlae angle = 8" ; 
ran = 1** ; recoil of wheel dnnng nnlock- 
ing = 30 '. 

Distance of centres and radins of locking 
circle : — Draw a circle round the wheel-teel£ 
and the line of centres W F, and 30° on each 



(Pig. 1.) 




side ; draw lines a and b, and throngh the 
joints where a and b cut the wheel-circle, 
draw the tangents e and f at right angles to 
a and b, where these tangents cross each 
other, and the line of centres at P is the 
centre of pallets, and W P ia the distance of 
ceotrea, and it requires but a Tery elementwy 
knowings of trigonometry to know that W 
Pis the secant of 80*i= 1*1547, and the 
radius of lockbg-oircle P B = tangent of 



30° = 0-57735, and are obtained directljfrom 
the tables of sines, tangents, &c. 

In the diagrams the radins of wheel = 3 
inches, hence W P = 115i7 x 2 =2-3094 
in., and radins of locking-circle ^ 'hllZfi x 
2 = 1-1547 in. 

Badins of inner and outer circles. Draw 
the lines c and d 10° to the right of a and b, 
and from P as centre, through the points where 
c and d cut the wheel-circle, describe the 
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Tan. 



Cotbll. . 



inner (8 T) and outer circles (A K B), and 
throngluheaHmepoiiitsdrawbhelinee h and g. 
To cslcolate the radius of inner eirole ire 
have giyen a = distance of centres == 
1 1547005, b = radins-wheel = 1, and the 
included angle C = 20% and require < B, 
and Bide C. 

rJ -ir'' r c 

2 ~ a+b 



n A+B A— B 

^ = -2-- ^r 

C — ^!!?_P 
~ Hiue B 
The above formnla is used in most of our 
examplefi, and need not be repeated ; inserting 
the ralucB giren we have 

(Em. 2.) 



EXiHPLE 1. 
l-15t7Q05— 1 =-1547005 log. ^1-1894917 
11547UU3 + 1 =21547005 log.= 0-3333869- 



a + b " 
-s- ^ 10° log. cotan, = 



Log, 



" = 22" 9' 18" log. tan. = 9-6097860 
4l+5 = 90* — 10" = 80° 




angular distance of line h from line of 
oentres. 

Lo?. Bine 20'' =9-5340517 
Log. Bine 57* 50' 42" = 9-9276839— 

= -4089873 log. 1-60G3G78 
fiad. iaoer circle = '104. 
For the radius of outer circle the sides of 
the triangle are the same as for inner circle, 
'4)nt the included angle is 40*. 

£xAMt>LE 2. 

a-b . 

a+b " 

^ = 20- log. cotan. 10-4989341 

= 11° 0' 32" log. tan. =9-2960889 



. <3 = 90° (1 1° 9' 32" +20) = 58" 60 ' 28" = 
* Obt&ined from Example 1. 



Angular distance of line g &om line of 
centres — 

Log. sina 40° = 98080675 
BS- 60' 28' = 9-982859^ 



: -7511177 log. = 1-8757080 



Hodins of outer circle = 075 

Radius of impnlfie circle, 1st p^let: — Dnv 
line m P 8° from e (this ii the impulae angle), 
and from the point B where line m crosses 
the locking-circle, draw the impalse plane 
to the point where the inner circle 8 T and 
line e cross the wheel -circle, aod prolong it to 
L and let fall the perpendicular P L, Fig 1, 
and G L, Fi|; 2 ; tins is the cadius of lifting 
or impulse circle. 
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Example 3, Fia. 2. 

Giyen : — ^Angular distance of 

line m P from line of 

centres . . =68^ 0' 0" 
Ditto, ditto, line h . = 57 50 42 



<C= 10 9 18 



a = Bad. locking = 

b = Bad. inner circle = 

•5773503— -4039873 = 



•5773503 
•4039873 
•173363 



•5773503+4039873^ 
Log. -173363 
Log. ^981337 6 



•1813376 
= 1-2389564 
= 1-9918184- 



Log. —^= 1-2471380 
° a+b 



-^ =5° 4' 89" log. cotan. = 11-0513348+ 



-^ = 63^ 17' 59" log. tan.= 10-2984728 



<B=90°-(63^17'59'+5°4'39")=21^87'2r 
Log. sine 21*^ 37' 21" = 9-5663752 

Log./5773503 = 1-7614894+ 
c =* -212723 log. = 1-3278146 



Rad. lifting*circle = -2127 x 2 = -4254 
1^ line C L Kg. 2, or P L Pig. 1, which 
latter is on the Ime of centres. 

Radios of lifting or impulse circle, 2nd 
pallet .-—Draw line i 2° from f ; this is the 
locking-angle ; and draw line 1 10° from g ; 
this, minus tiie 2° of locking, is the impnlse- 
uigle = 8''. 

From the point A, where line 1 cnts the 
3nter circle, draw the impulse plane to the 
point where line i cuts the locking-circle and 
prolong it to E, and let fall the perpendi- 
tnilar PR Fig. 1 and C R Fig. 2 ; this is radius 
of lifting-circle, and for the calculation we 
have — 

Example 4, Fig. 3. 

Given :— a Rad . outer circle 
= -751117, b= Rad. lock- 
ing circle = -5773503, an- 
Slar distance of line i from 
e of centres . . =58° 0' 0" 
Do. do. ofl= 58° 60' 28"— 10° = 48 50 28- 



< C = 9 9 32 



^ = 4 34 46 



751117 — -5773503 = -1737667 
751117 + -5773503 = 1-3284673 



Log. - 1737667 = 
Log. 1-3284673 = 



1-2899666 
01233509— 



Log. ?=^= 1-1166157 
a+b 

Log. cotan. 4° 34' 46" = ll-09a70»5 + 



A-B 



58° 21' 41" log. tan. = 10-2103252 



< B = 90° — (58° 21' 41" + 4° 34 ' 46") = 
27° 3' 33". 

Log. sine 27° 3' 33" = 9-6579258 

Log. -751117 = 1-8757080-+ 
c = -34169 log. = 1-5336338 



■■••i 



Radius of lifting-circle -34169x2 = -68338 
= line P R Fig. 1, and line C R Pig. 3. 

I may here make a few remarks upon the 
grave error Mr. Grossman made in measuring 
tiie impulse-angles from the tangents e and f 
instead of the lines g and h, that is, from the 
periphery of the wheel. 

An inspection of diagram Fig. 1, will 
show the erroir in first pallet to be 2° 9' 11", 
and as he only assumes a locking-angle of 
1° 3(y the tooth of wheel would drop 39' 18" 
on impulse-plane. 

The error on 2nd pallet is only 1° 9' 32", 
but this substracted from 1° 30' leaves but 
20' 48" as the locMng-angle. 

It is really very unfor^ate, as the error 
is so obvious, that Mr. Grossman did not 
detect it at once, as it renders his tables, <&c., 
quite useless, and it is but a poor consolation 
to us that he did detect it in time for his 
French edition. 

Height of segment : — I^w the line A B, 
joining outer comers of pallets, and prolong 
it to the outer circle at D ; bisect it in S, 
and draw the line S P E, which is the height 
of segment. 

ExlHFLE 5. 

Given : — Angular distance of line m from 
line of centres - - 68 

Ditto, ditto, line 1 - 48 50 28 + 



<G= 116 50 28 



y = 53 25 14 



a = radius outer circle = -751117 
b = radius locking-circle = -5773503 

As the sides a and b are the same «s in 
Example 4, we obtain from thence 
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Log. 


a-b 


1-1166157 


-e_66-25 


14" log 

85' 61 

(58° 25 

-58° 25 

Uie26° 


eotan. = 
log. tan 
II' + 

u-) + 

S7' 55- = 


9-7886701 + 


<B — 80°- 
26° 67' 66" 

<A = (90°- 

86° 10' 17" 

Log.S 


8-9062858 


4° 86' 51") = 
4° 35' 51- = 
9-6565298 




Log. -751117 -= 


1-8757080+ 


c-=-3i0594Glog. =- 


- 1-5322378 


Bad. outer drde 




-761117 
•3105946 + 


Height of segment 


• ■ = 


1-0917116 



Ditto, ditto in diagram 



Draw angle, Ist pallet Fig. 2 . The pallet 
is BnppoBed to be 3° within the wheel circle, 
that IB 2° locking and l° nm, and the wheel 
tooth is also Bnppoeed to have advanced 30' 
towards tiie line of centres, and woald " re- 
coil" the same 30' during the nnloddng. 
The arc x z iB the wheel circle, and W C the 
line of oentres, the line d is drawn 29° 30' 
from ^e line of entries, and line b ' is drami 
throngh the point where it cuts the whed- 
circle ; we have now to calculate the length of 
line b 'to the locking-face, and its angular dis- 
tance from the line of centres. 

ElAHPLE 6. 
Given : — Dis. of centres = 1-1547005 
Radios wheel, = I, < C = 29" 30' 




From Example 1 we obttun 



Log. cotan. 14° 45' = 10-5795854+ 
- = 15° 15 ' 13" log. tan = 0-4356902 



<B=90°— {15° 15' 13"-»- 14° 45')=59°59' 43° 
Log. sine 29° 30' = 9-6923388 
Log. sine 59° 59' 47''=9-9375145— 

Lt«. 568623 = 1~7548243 

Example 7. 
We hare now another triangle, of which 
the two aides and the included angle are 



given : a = radius of locking = -57735** 
and b' = -568623. 

Angular dis. of line b' = Sa*^ 59' ii 
Ditto pallet corner^ 57 f>_ JZ 
<C= 2 59 J^ 

^ = 1 29 53 

■ 5773503— -568623 = -0067273 
■5773503-f568623= 1-1459733 

Log. -0087273 = 3-9403799 
Log. 1'1459733 = 0-058 IT jj; 
Log. 5—^ = 3-8827055 
Log. cotan. 1° 29' 53' = 11-5825007 + 
^:=?=16°16'I7''log.tan.: 



: 9-46520fi! 
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t = 90^ — (16° 86' 17'+ 1° 29' 630 = 

72° 18' 50" 

13 so- 



ds 10 = arc m n Figs. 1 and 2. 
53 9 nat. sine = '8078327 

2 



.rd 107^46' 10" = 1-6156654 



om A as centre, and with 1 in. as radios, 
ibe an arc mn, and lay off the distance 
) from m to n, and draw the locking- 
A E towards n, and the inner face 
lel| and the 1st pallet is complete. 

Exam. 5 = S A P, Fig. 1 = 36° 10' 17" 
Exam. 7 = PAE,Fig.l= 72 13 50 

Draw angle = S A E = 108 24 7 

aw angle 2nd pallet. Fig. 3. The pallet 
ain supposed to be 3° within the wheel, 
ine d is now 30° 30' from line of centres, 
ine a' is drawn through the point where 
s the wheel circle. We have now to 
late the angular distance of line a' from 
)f centres, and the radius of wheel and 
ice of centres are the two given sides, 
10° 30' the included angle. 

Example 8. 

)m Example 1 we obtain 

Log. ?=^ = 2-8561048 
^ a+b 

= 15° 15' log. cotan. = 105644243 + 



I 



- = 14° 45' 13" log. tan. = 9-4205291 



= 90°— (15° 15' + 14°45'13")=59° 59 ' 47" 
Log. sme 30° 30' = 9-7054689 
Log. sine 59° 59 ' 49" = 9-9375145— 

Pig. 3 = -5860765 log. = 1-7679544 

ren :— a = -5860765, b 

Angular dis. of a ' 
Do., do. of locking 

<C= 2 59 47 

C 

2 

)860765 — 5773503 = -0087262 
)860765 + 5773503 = 1-1634268 



-5773504. 

59° 59 '47" 
57 0— 



-^ = 1 29 53 



Log. -0087262 
Log. 1-1634268 



3-9408252 
0-0657391— 



Log. 



a— b 
a+b 



= 3-8750861 



Log. cotan. 1° 29 ' 53" = 1 1.5825007 + 
^:i5 = 16° 0' 11" log. tan.= 9*4575868 



< A = (90° — 1°12'53") + 16° 0' 11"= 

104° 47 ' 18" 
180 
104 47 18— 



75 12 42 = arc p. Pigs. 1 and 3. 



37 36 21 nat. sine = 6102258 

2 

Chord 75° 12 ' 42" = 1-2204516 



From the locking comer H, as centre, with 
1 in. radius, describe the arc o p, and lay off 
the chord 1-22 from s on line g, and draw the 
locking-face H p and the outer face parallel, 
and the 2nd pallet is complete. 



< 


AEi. 


8 


CAp, 


Fig. 


3 — 


104 


47 


18 


< 


CEx. 


8 = 


= ACB, 






2 


59 


47 


< 


CEx. 


4 


= ACB, 






9 


9 


32 


< 


BEx. 


4 


-ABC, 






27 


3 


33 





<BHp = 

<HBF — 
<ABC — 
= SBP — 

— SBF — 


144 





10 




180° 
144 






0" 
10— 


< A Ex. 5 


35 
27 
36 


59 

3 

10 


50 
33 
17 


Draw angle 


99 


13 


40 



I have gone through the calculations very 
carefully, and hope they will be found cor- 
rect, but if there is anything at all obscure, 
I shall be happy to give any further explana- 
tions. JOHN FEWTRELL. 

Birmingham. 



It is said, but upon doubtful authority, 
that clocks were known in Geneva in the 
ninth century, and that the art of manufac- 
turing them was imported there from Ger- 
many. The bell or sounding part of the 
machine was added some time after ; and in 
the eleventh century clocks were not un- 
common. However this mav be, it seems 
tolerably certain that the trade of clock and 
watchmaking in Switzerland is of consider- 
able antiquity ; and it has remained until 
now as a staple branch of that country's 
manufactures. 
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ESSAY ON THE COMPENSATION BALANCE 

USED IN CLOCK AND WATCH WOEK FOR COUNTERACTINa THE INFLUENCE 

OF TEMPERATUEE. 

BY F, KUND8EN , 



The balance of a portable time-keeper is 
the part of the instrnment that measures 
time, and if time is to be measured to per- 
fection all the Tibrations of the balance 
must be performed in the same length of 
time. But independent of irregularities that 
may arise from the train and escapement, the 
TibktionB of a balance arc inflaenced by 
changes in temperature. Metals are weaker 
and more expanded in heat than in cold, and 
through the expansion of the balance alone, 
watches went about twenty seconds per day 
slower in summer than in winter, and this 
imperfection greatly increaged after the in- 
vention of the balance-spring, when, in ad- 
dition, a rise in temperature weakened this 
long and slender spring that regulates the 
vibrations of the balance. The first inven- 
tion made in England for the correction of 
errors arising from temperature was about 
the yeai* 17C8, by a British horologist, named 
Harrison. It was known some hundred years 
previously that brass expands and contracts 
more by changes in temperature than steel. 
Of this knowledge Harrison availed himself, 
and by joining a tliin slip of brass to a thin 
slip of steel he formed a laminae, which, on 
account of the greater expansion of the brass, 
by increase in heat, bent to the side of the 
steel, and vice versd. This he put in con- 
nection with the index, and by a proper 
arrangement he succeeded through changes 
in temperature in moving the index suffici- 
ently towards fast or slow to make his watch 
keep the same rate in different temperatures. 
Harrison's watch by these means became a 
valuable instrument in finding longitude, 
and he was rewarded by a Government grant 
of £20,000. 

But although Harrison's invention was a 
great improvement, it was defective, as any 
alteration in the acting Jength of the^balance- 
epring destroyed the isochronism of the 
vibrations of the balance ; and as about the 
same time a French horologist, named Ber- 
thoud, invented a better way, by expansions 
and contractions of the balance, his invention 
has been adopted, and is now used in all 
superior watches and portable clocks. The 
correction for temperature is called the 



" compensation '' ; and a balance used for 
this purpose is therefore called a '' compoisa- 
tion balance." The compenaation balance 
has, however, nndergone some modificatiDnB 
since it was first invented ; and it is now 
generally made in ihe following manner : — 
A piece of steel is turned to a proper size ; 
and after it has been covered with borax, and 
the hole is stopped with chalk or black lead, 
to prevent it from getting filled with brass, 
it is put into a crucible with as much brass 
as may be required for covering it when 
melted. The brass, in melting, unites to the 
steel, and the piece is afterwards, by turning 
and filing, reduced to two arms of steel, and 
a standing-up ring composed of brass and 
steel, with the brass outside, and of about 
twice and a half the thickness of the steeL 
This ring is cut through in two opposite 
places, at a little distance from the armS; and 
on the two moveable parts of the ring, which 
are called the rims, are placed, opposite to 
each other, two pieces of brass^ of equal m 
and weight, which have. a groove that fits on 
the rims, where they are held fast in their 
positions by a screw from the inside. These 
are called the compensation weights, and are 
about one-half of the whole weight of the 
balance. Brass, in heat, expands more than 
steel, and when the temperature rises, and 
the balance-spring becomes weaker, the rims 
bend in, whereby the compensation weights 
are carried nearer to the centre, and by a 
proper adjustment of these weights, wUch 
pass through a greater space the nearer thej 
are placed to the end of the rims, a watch or 
chronometer can be made to keep the same 
rate in different temperatures, or, as it is 
generally called, in heat and cold. In watches 
and small chronometers used as pocket 
watches, and frequently in the larger kind, 
called marine chronometers, instead of two 
weights, screws with heavy heads are used, 
placed in a series of screw-holes madein tha 
rims. A compensation balance has also a 
screw tap at the end of each arm, on whidi is 

Eut a screw nut made of brass or pla^tina, and 
alf way between these are likewise screw 
taps, or studs, with screw niitB. Theae 
screws are called the timiBg *aaid poaitioB 
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screws, and are used for regulating the chro- 
nometer to time, and for making it go alike 
in different positions. When a balance has 
comp«usat ion weights, a position screw made 
of platina can be pnt in each of the compen- 
sation weights. Figs. 1 and 2 represent 
the two forms of compensation balances, 
with anxiliaries, which will be hereinafter 
described, attached to them. 

(Fig. 1.) 




(Fio. 2.) 




The velocity with which a balance vibrates 
is a compound of the strength of the balance- 
spring and size and weight of the balance, 
and ordinary watches are regalated to time 
by altering the length of the balance-spring. 
Bet as this way of regulating destroys the 
iiochronism of the vibrations, chronometers 
hare no index, but are regulated by the 
timing-screws, by which the centre of gyra- 
tion is brought nearer to or further from the 
centre of motion. If the screws are screwed 
in, the balance moves quicker, and vice versd. 
If the balance is always vibrating in the 
borixantal position, the best vibration is a 
torn and a quarter. But it is better for a 
pocket chronometer that the vibration is a 
uttle more or a little less, because on account 
of the action of the escapement the side 
ftiotion on tiie balance-pivots becomes 
altered, which causes a variation in the rate 
at a chronometer when going in different 
potiticms. But if the balance vibrates more 
than a ttim and a quarter, by making the 
balance a little heavier in the part that is 
ipwaida in the position in which the chro- 
ionetepfioea slowest^ or a little heavier in 



the lower part, if the vibration is less than a 
turn and a quarter, we are enabled to make 
a chronometer keep the same rate in different 
positions. But if the balance vibrates just 
a turn and a quarter, the screwmg in or out 
of any of the timing or position-screws only 
makes the chronometer go faster or slower in 
ewry position. For this reason I consider 
magnetism cannot alter the rate of a chro- 
nometer when the vibration is a turn and a 
quarter, as the effect will be the same whatever 
part is turned towards the north ; and that, 
therefore, this extent of vibration is the best 
for a marine chronometer or any other time- 
keeper in which the balance vibrates in the 
horizontal position. 

As chronometers are made of different 
sizes, and the balance consequently driven by 
main-springs of different degrees of strength, 
a balance must be of a proportionate size and 
weight for the required degree of vibration. 
These are found by previous experiments. In 
English chronometers the different parts of 
the movement are always in the game propor- 
tion to the size of the frame, and with a 
proper main-spring and the usual resistance 
caused by the unlocking in the escapement, 
the following weights and sizes of balances 
may be used : — 

To an ordinary 3 inch movement for a 
2-day marine chronometer the ring of the 
balance can be li inch in diameter, and the 
balance may weigh about 5 dwt. 5 gr. To a 
movement 2^ inches in diameter the ring of 
the balance may be 1 inch in diameter, and 
the balance may weigh about 3 dwt. 15 gr. 
To a 2-inch movement the ring of the balance 
can be i inch in diameter, and the balance 
may weigh about 2 dwt. For an 8-days 
chronometer of the usual construction, with 
the plates 3^ inches in diameter, the balance- 
ring can be Ij^th inch in diameter, and the 
balance may weigh about 4 dwt. 10 gr. If a 
balance has compensation screws, tlie centre 
of gyration gets a little further from the 
centre of motion ; the ring can then be made 
as much smaller as about one thickness of the 
ring. As a rule, a watch or pocket chrono- 
meter that goes 30 hours can have the 
balance as large as the spring-barrel, and 
half as high, and, according to its size, it will 
then weigh from about two-fifths of a penny- 
weight to one pennyweight. If, however, a 
balance is a little heavier than these weights, 
it makes scarcely any other difference than 
that the balance takes a longer time to get 
up to its full vibration. 

I must here observe, through causes to 
which I shall presently refer, the compenaa- 
tion is seldom perfect for great ranges in 
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tomperatnre, and chronometora are therefore 
adjuBted to go alike in the changes of tem- 
perature in which they are to be used. The 
beet adjostment for a temperate climate is to 
make tbem go alike in 50° and 90° Fahr. ; 
and if a chronometer is to be need in s hot 
dimate, in €0" and 100°. The adjustment 
for temperature is made with the balance 
Tibrating in the horizontal position, and 
cannot be relied on as being perfect nnless 
the chronometer is kept one week in low, the 
next in high, and then again a week in low 
temperature. I mnst add that the rims of a 
balance of the siza of the drawings are 
generally from l-25th to l-30th of an inch 
Slick, 3-20ths of an inch high, with the brass 
2i the thickness of the steel, and that the 
compensation weights, or screws, on each rim 
weigh from 1 dwt. 8gr. to 1 dwt. 13 gr. If 
the Dalance is smaller, everything is redaced 
in the same proportion. But to these 
proportions I shall refer again presently. 

The imperfection in Ute compensation. 
I have in the preceding pages given a 
description of compensation balances as 
QEnally made, and their adjustments ; bnt 
after a balance has been carefully adjusted 
in the manner described there is still a 
residuary error, caused by temperature, and 
that cannot be corrected by any alteration in 
the positions of the compensation weights. 
We find that chronometers go faster in 
middle temperature than above or below, 
that the difference in rate increases more and 
more in extremetemperatnres and in freezing, 
and 100' generally amounts to fioui four to 
five seconds per day. The manner in which 
this imperfection arises has greatly puzzled 
chronometer-makers, and men who have 
succeeded in getting a great name as 
horologists have not only described it as 
arising through balances following the same 
law as pendulums, bat have likewise attri- 
buted it to resistance in the rims, and to the 
compensation weights not moving in a 
straight line to and from the centre of the 
balance. But neither of these ways of 
describing it can be correct. If balances 
followed the same law as pendulnms, and the 
centre of gyration required to be four times 
further from the centre of motion to make a 
balance vibrate as alow again, it would hare 
a tendency to make chronometers go faster 
and not slower in extreme temperatures. 
For if a pendulum is made a certain quantity 
shorter it makes a greater alteration in the 
rate of a clock than if made the same 
quantity lon^r ; and, therefore, if the com- 
pensation weights moved sufficiently in for 



heat th^ would not move sufficiently out for 
cold. The consequence would be tne chro- 
nometer would go faster in oold ; and when 
the error was divided it would go foster both 
in heat and cold than in middle temperature. 
Again, if a chronometer, through resistance 
in the rims, went slower in heat, it would, 
from the same cause, go fester in cold. The 
compensation weights might be required a 
little further out on the rima than what 
would be necessary, if there were no resist- 
ance ; but this could not make a chrono- 
meter go slower in extreme temperatuiei ; 
and that it cannot be caused by the compen- 
aatiou weights not moving in a straight liiu 
to the centre will be seen by lookiug at 
Fig. 3. 

(Fio. 3) 




If a a represent the arms of a balance, h tlM 
centre and c d one of the compensation 
rims, standing circular with the centre in i 
middle temperature of 66°, and we auppoK 
that rim, by a change in temperature of i 
certain number of degrees below middtt 
temperature, moved out to e, it wonid in 
the some number of degrees above middle 
temperature move in to /; for e a and t 
/ are of the same length or e d irtten 
measared along the lines, and are part </ 
circles of which one ia as mnch larger as tht 
other is smaller than the circumference of the 
balance in middle temperature. When »e 
now measure the distance firom the centre to 
6 d and /, we find that a compensatiai 
weight, placed on the rim, in moving &ooi 
(j to / must move through a greater space 
and approach the centre of the balance m ■ 
greater ratio than in moving from » to d; 
and, consequently, if the chronometer wait 
alil^ in 82° and m 66°, it would go &Bter in 
100°, and, when the error was dividtd, &ilv 
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in heat and cold than in middle tern- 
ire.* 

is therefore evident that the imperfec- 
[oes not arise from the balance, hut from 
*ping or expansion of the balance-spring 
crease in heat, which causes an increase 
\e friction on the halance^pivois and 
ds the vibrations of the balance. In 
and in no other way, can we ex- 
it. 

ere is, however, a way in which the com- 
tion will always be better than with ba- 
3 as nsually made ; and this is by giving 
: angle of action to the rims in the same 
,^68 of temperature. If we again refer 
g. 3, and we suppose that ia the same 
»er of degrees below middle temperature 
fore, the compensation weight instead of 
ag to e, moved out to g, it would then 
J in to A ; and when^we again measure 
the centre to h, d, and g, we find that 
ompensating power of the balance is 
still greater in high temperatures in 
)rtion to low, which is the thing that is 
3d. This additional action of the rims 
)e obtained in three ways. The rims 
»e made thinner, or longer, or it may be 
ned by the alloy of the brass. If we 
ihe ordinary form of balance, but with 
ims only one half of the usual thickness, 
compensation weights, for the same 
[it of balance, must be reduced by one- 
3f the usual weight. For by measuring 
large scale, we find the compensation 
bts act to the best advantage when 
td from 100** to 111** from the arms, 
the rims can also be of the usual thick- 
and lay flat, when there will, of course, 
»om to m^e them much longer, 
living explained the true cause of the 
rfection in the compensation, and the 
IS by which the compensation can be 
3 perfect, it is almost unnecessary to 
3 any observations on the different forms 
bich balances may be made, as any horo- 
t will be able to see that the rims may 
laced in many wavs. Still, as the sub- 
is interesting and useful, I will give a 
ription of a balance invented by myself 
by which I have obtained a perfect com- 
ation. 

any years ago, in considering if any 
ler improvements could be effected in 
nometers, I came to the following con- 
ons : — First, The compensation would be 
-ovedj by giving the rims a greater 

Chifl oonnot be seen Tei^ distinctlj on so small 
wing ; but those who will take the trouble to 
ore on a large scale will find my statement 



angular action in the same temperatures ; 
second, the rims ought never to bo interfered 
with, and the timing and position screws 
should, therefore, be on independent arms. 
Third, the brass, being melted on the steel, 
ought to be hammered or compressed, by 
burnishing. Fourth, The laminae ought to 
be bent considerably to the side of the steel, 
and after being bent to the proper shape, 
they should be heated to a pale blue colour. 
Fifth, To have the compensation weights 
always acting from the same point on the 
rims, they ought to be on studs. Sixth, that 
changes in the oil might have less influence 
on the rate, a balance ought to be as heavy 
as the pivots would carry. Seventh, long 
and thick rims would be stronger than short 
and thin. After coming to these conclu- 
sions I made a balance for a 3-inch move- 
ment, of which the following is a descrip- 
tion : — 

The arms of the balance are of steel, and 
from the end of one arm to the end of the 
other is 1^ inch. The rims are lying flat ; 
and each rim is composed of two laminae 
screwed together at one end, but perfectly 
free of each other. The lower lamina) has 
the brass on the top, and the upper one has 
it below. The rims commence at the end of 
one arm, go to the end of the other, where 
the rims are joined, and back to where they 
commence. Here a piece goes in over the 
arm, and carries a stud, on which is a screw 
nut, that weighs l|dwt. 12jgr. These studs 
are li inch apart. The rims are (as near as 
I am able to measure) d-20th of an inch 
broad, 1-dOth of an inch thick, and have the 
brass one-and-a-half ;. the thickness of the 
steel.^ The timing screws are on four inde- 
pendent arms, fastened by two screws to the 
middle of the large arms, and the whole 
balance weighs 8 dwt. By this arrangement 
the rims, being about double the usual 
length, and about seventy-five times longer 
than thick, will carry the compensation 
weights through about three times the usual 
space. A cl^onometer with one of these 
balances wasj several years ago, sent to the 
Greenwich trials, where it obtained the 
highest place, and kept the best rate of any 
chronometer ever before sent to the trials, the 
number of which, in the aggregate, amounted 
to more than 1,200. Its greatest variation 
during twenty-nine weeks' trial was five 
seconds and five-tenths, and its variation in 
many weeks in succession was only a frac- 
tional part of a second. I may add that I 

* The brass is ordinary Birmingham brass wire. 
It is cut in liUle pieces and melted on the steel. 
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have adJQBted other chronometers with simi- 
lar balances and fonnd the compensation 
equally perfect. 

Chronometer-makers, through not having 
been able to find out the true cause of the 
imperfection in the compensation, or a better 
way of correcting it, have taken refuge 
auxiliaries to the compensation. But though 
chronometers in which I have used auxiliaries 
have obtained some of the highest places at 
the Greenwich trials, I have no great confi- 
dence in these appliances. By using an 
ordinary good balance-spring, and by a 
proper attention to the principle I have 
explained, chronometers can alwajs be made 
to keep within a fractional part of a second, 
faster or slower, the same rate in freezing, and 
in 100**, as" in middle temperature ; and the 
compensation may therefore, for all practical 
purposes, be considered perfect. As, however, 
auxiliaries are now in general use, I will just 
observe that these may be made in three 
ways : — 

The rims may be made to expand 
against springs, made of such a strength that 
they gradually give way, and placed in such 
a position that they cause no friction at the 
point of contact ; or they may consist of 
little ei^ra rims, fastened under the heads of 
the timing-screw studs, and rcstiug against a 
regulating screw, from which they bend in 
when the chronometer begins to go slower. 
An auxiliary can likewise be made by a 
lamina screwed on the side of the balance- 
cock, which has a small screw at the end, that 
touches the balance-spring when the chrono- 
meter begins to go slower. One of the first 
kind of these auxiliaries, and invented by 
myself, is represented in Eig. 1. The screw 
at the end of the foot of the spring has a 
conical head, by which the position of the 
spring is regulated. 

In Fig. 2 is represented one of the 
second kind. This can be made to act 
either in high or in low temperatures, by 
placing the brass of the rims inside or 
outside. These rims are generally half as 
high as the large rims, and a quarter as thick ; 
and for a balance of the size of the drawing 
they carry a screw at the end that weighs 
from 2 to 3 gr. I must, however, add that I 
consider auxiliaries arc better in low than in 
high temperatures ; for when a chronometer 
has been going for some time in very high or 
very low temperatures the rims generally set 
a little, through which the chronometer alters 
its rate in middle temperature. If, therefore, 
the auxiliaries act in high temperatures, they 
add to this fault ; but if they act in low, they 
retcaot. 



THE GOLDSMITHS' COMPANY'S FREE. 



The designs and models sent to compete 
for the prizes oflTered by the Goldsmiths* 
Company, under the conditions which were 
published in our Joamal in the early part of 
last year, have been placed for exhibition in 
the Architectural Lluseum, in Tufton Street, 
at the back of Westminster Abbey. The 
drawings are arranged on screens, and the 
models on a table, and in those cases where 
a prize has been awarded, the amount only is 
specified on a card, rendering it in some 
cases a matter of difiiculty to decide to which 
of the classes the exhibit belongs, and as we 
were unable on the occasion of our visit to 
obtain any information, but such as could be 
gathered from the titles attached to the 
various subjects (the only person present 
representing the Architectural MuB3nm con- 
ducting himself with marked rudeness towards 
visitors), we can only give the names of the 
prize-winners in the order their prodnctiooB 
are placed. On the first screen from the 
entrance is a design for a ** Testimonial by 
William Clausen, of Fulham, which lias 
carried off the prize of £50; we presume that 
offered for the Lest design for some article in 
gold or silver, which, when manufactured, 
shall exceed thirty ounces in weight. A 
design for a '' Bridal Cup," by J. W. Sharp, 
of Cheyne Walk, Chelsea, has been awarded 
a prize of £25. Mr. W. F. Randall takes s 
prize of a similar amount for a design for a 
"Tea and Coffee Service." Mr. Owen Gib- 
bons also takes a prize of £25 for a design 
for a "Centre Piece.*' A very elaborate 
design for a " Clock Case," by Mr. W. F. 
Randall, which receives a prize of £25, shows 
considerable talent ; the only part, perhaps, 
to which exception could be taken is that 
devoted to the clock. As anything else but 
a clock-case it would have been admirable, 
but the dial and hands are weak in concep- 
tion and altogether out of proportion to the 
case. A design for a ** Casket," not to exceed 
30 ounces in weight, in silver r^uM^ work, 
with filagrees in blue enamel, received a priae 
of £25, as does a design for a ^'C^itre Piece," 
by Mr. Richard Lunn. 

Throughout, the collection showa consider- 
able artistic ability, althoagh, all the attempts 
being somewhat ambitious, there is lessTarietj 
than could have been desired. ConsUering the 
admirable specimens of watch-case engraTiDg 
shown at the Horological Institute Exhihi* 
tion, we were certainly disappointed to find 
nothing connected with wateh^nuikiDg .ex- 
hibited. 
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lb tk« EdiCop of Tub HoBOLoaiciL Jocasii.. 
DRUM TIMEPIECE.^. 
But,— In reply to " Plymonih," I have 
often had drum timcpiecca stop from want 
of power, the'] depths and freedoms beinj 
ootrect, and the mainspring as atronn; as the 
number of tnroB would allow, and have 
"cored" them by reducing the weight of 
pendnlnm ball aad thinning the rod. 

I try them first with the pondnlam-ball 
off, and if they ket-p goina; condade that no 
&nlt in the depths, ^^c, has escaped notice. 
I hare alao oMerro^i that they rerinire to bo 
eiBctly in beat and that we cannot de[M!nd 
oa the Bound alone, for they often Bound in 
beat when the dead pallet is dipping too far 
into the wheel, and will stop. To put 
than in beat I 'tip" the impulse side 
nntil it sonnds considerably out of beat, and 
then lower it gradually until exactly in 
" beat." To try the increase of " arc," dne 
to reducing the pendulum, I hold the point 
of a broach sgainst the plate so that the 
pendnlum rod juat " bumps " it, and then try 
the escapement slowly, and notice the dis- 
tance the rod is from the broach when the 
tooth drops, and if this distance is 2^ or 3'-' 
<ai each side, the timepiece will not stop from 
want of " power." I have had several com- 
plete &ilnres, however, when the pinions 
are small, and the wheels large ana high 
Quobered. 

JOHN FEWTRELL. 
Binningliain. 

THE COMPENSATION EEEOR. 

SlE, — Mr. Imm isch's letter in yonr Jannory 
namber indnces .me to maka a few obsena- 
tionfl in corroboration of hia viewB. 

The Astronomer- Royal, some years ago, 
ihowed that a vatch varied in changes of 
tflmperatoie aboot G sees, per diem for each 
degree of Fahrenheit's thermometer, and 
that this variation was in an arithmetical 
ratio. The correction for this error, by the 
oompenaation balance, was found to act in a 
geunetzical ratio. These two ratios conld 
only coincide in two points, and experience 
OMifirmed it, fiH if chronometers were adjosted 
to perform correctly in extremes of tempera- 
tan, they raried in middle temperature, l!y 
tctnal mat it was found necessary to make 
Qie oomp^mlion wcighls approach thccentie. 



for e(inal increments of heat, in a greater 
ratio than they receded from it for eqoal 
decrements. Hence, thecompensationbaluices 
of Mr. Uh-ich, Mr. Hartnup, and Mr. Kull- 
berg; but this is theoretically and mathe- 
matically erroneous, for the weights onght to 
approach the centre for equal increments of 
toniperatnre in'a lesser ratio than they recede. 
Let us take the pendulum as an example. 
The length of a second's pendulum is 39'15 
inches from the (joint of suspension to the 
centreof oscillation. Let this bslengthened 
1 inch. Then a pendulum of 40'15 inches 
will vibrate 5'J'25 times in a minute, and if 
ghorteued 1 inch will make 6078 vibrations, 
or if lengthened 1 inch it will lose 18 minutes 
per diem, and if shortened 1 inch it will gain 
IS minutes 43'2 seconds ; showing a difference 
of 43 seconds between lowering and raising 
the centre of oscillation 1 inch from the 
normal point. Therefore, it ongbt to be 
raised less than 1 inch to make it gain 18 
minntcB, or the centre of oscillation ought to 
approach the point of suspension in a slower 
ratio than it recedes from it. 

Now the same law applies to the balance. 
The time of vibration of a pendulum Taries 
with the square root of the distance between 
the centre of oscillation and the axis of sus- 
pension. The time of vibration of a balance 
varies with the square root of the distance 
between the centre of gyration and the axis 
of rotation. The balance-spring is much 
more sensitive to changes of temperature than 
the pendulum. A l second's pendulum, with 
iron rod, loses 3 seconds per diem for 10° rise 
of the thermometer, but a watch loses 60 
seconds for an equal change of temperature. 
As with the pcndn'um, so with the balance : 
the centre of gyration ought to approach the 
centre of the balance in a slower ratio in beat 
than it recedes from it in cold. Then, why 
is it in practice that we find it necessary to 
adopt a diametrically opposite system, and 
make the weights approach the centre faster 
in beat and recede from it slower in cold ? 
It manifestly can be nothing else but the 
effects of centrifagal force. 

The laminated rims of a compensation 
balance are springs, fixed to the arms, and 
weighted. These rims obey the kwB of all 
other springs: they become weaker when 
heated and stronger when cold, conseqnently 
the centrifugal force has a greater effect in 
heat than in cold ; and this increased centri- 
fugal error in heat, and diminished centri- 
fngal error in cold, is so great as not only to 
aimnl what may be called the | geometrical 
error, but to cause a much greater error the 
othar way. 
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What inferences are to be drawn from the 
above reasoning ? Clearly, that the rims of 
the balance should be made thicker. The 
rim of Mr. Kullberg's balance is doable the 
thickness of an ordinary balance, and it 
appears certain that if a balance of the 
ordinary construction were made sufficiently 
rigid to overcome the centrifugal error, 
that no better or simpler balance could be 
nsed. 

A certain amount of centrifugal error is 
necessary to counteract the geometrical error, 
and the thickness of the rims can only be 
ascertained by trial ; but of this I am fully 
assured, that if the laminated rims were 
sufficiently rigid to be uninfluenced by cen- 
trifugal force, all compensation balances, of 
whatever kind, would have to be so con- 
structed that the weights should approach 
the centre slower than they recede from it, 
unless the geometrical error were found to be 
so small as to be inappreciable. 

The geometrical error, as shown above, is 
twenty times greater in the balance than in 
the pendulum. 

I am, <&c., 

E. WEBSTER, 

Queen Victoria Street. 



Lf 1560 Tycho Brahe possessed four clocks 
which indicated hours, minutes, and seconds ; 
the largest had but three wheels, the dia- 
meter of one of them being three feet, and 
containing twelve hundred teeth, a proof of 
the imperfect state of clockwork at that 
priod. Brahe also observed irregularities 
m his clocks dependent upon changes in the 
atmosphere. 
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For the benefit more [especially of appren* 
Uces and young members of the trade, space 
will be devoted to any enquiry Jar informa^ 
tion on subjects congenial to the character of 
this Journal, however rudimentary the desired 
information may be; but we must ask corre- 
spondents to refrain from asking manifestly 
impracticable questions, or questions to which 
relies Jiave been recently given in the Journal, 
The letters of An A1LA.TEUR, SUNDBELAIO), 
G. K., and R. RoMEB, we are reluctantly com- 
pelled to leave unnoticed, because one or (he 
other of these conditions has not been 
observed. 

In ansiver to 6. S. W., the touchstone is a 
black stone of a close, fine grain, and in order 
to aecerlain the fineness of gold by its use, it is 
necessary to have a set of '* touch needles,'* that 
is, small bars of gold of various degrees of fine- 
ness. The piece of gold to be tested being rubbed 
upon the stone, the streak it leaves is to be com- 
pared tvith the streaks made by the touch- 
needles which tfie operator supposes to le 
nearest the quality of the gold under trial, all 
the streaks being wetted toith water or aqua- 
fortis. — E. Chaplin. 

F. Simmons. — The chain wctsintroduesdin 
place of the fusee, about 1665. 

Apprentice.— 2%6 fforological InsUttOe 
has nothing to do with the competition. It is 
simply the offer of a private firm. We cannoi 
enter into the matter, 

R. Coventry. — ^ full descrwtion of 
Harrison's chronometer is given in Volume L 
of the Journal 



BOAED OF TRADE EETURNS, 

AS FAE AS RELATES TO WATCHES AND CLOCKS. 



Month ending dlst December. 


Year ending 31st December. 




1872. 


1873. 


1874. 


1872. 


1873. 


1874. 


WATCHES 
Valae. 

CLOCKS. 
Number. 

Value. 


£38,924 

24,280 
£34,155 


£43,692 

36,540 
£44,638 


£49,832 

47,014 
£42,428 


£351,150 

378,625 
£438,110 


£407,284 

403,183 
£425,741 


£474,119 

421,098 
£400,686 
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CENTRIFUGAL FORCE AND THE COMPENSATION BALANCE. 



[k the January number of the journal, Mr. 
[mmisch propounds what will be a new 
theory to most of your readers, on the error 
of the compensation balance. He says : ** It 
is my belief that the true cause of the errors 
will be found in the centrifugal force exerted 
by the balance causing the weights to fly out 
at the Quickest part of the yibration;" and 
in your last number Mr. Webster is *' induced 
to make a few obserrations in corroboration 
of his views." Mr. Webster says : ** By actual 
trial it was found necessary to make the com- 
pensation weightsapproachthecentre forequal 
increments of heat in a greater ratio than 
they receded from it for equal decrements. 
. . . this is theoretically and mathematically 
Erroneous, for the weignts ought to approach 
the centre for equal increments of tempera- 
ture in a lesser ratio than they recede." Mr. 
Webster founds his hypothesis upon the fact 
that a one-second pendulum requires to be 
shortened a less amount than it would have 
to be lengthened to make an equal difference 
in the time of its vibration. A little 
examination, however, will show that this 
fact is in exact accord with the requirement 
that the compensation weights should 
tpproach the centre of the balance in a 
{[Tester ratio than they recede, if the con- 
rolling power of the balance is to correspond 
ith the force of the 8prin|f . 
Let us first take the action of the balance, 
r. Webster states that " the time of vibra- 
>n of the balance varies with the square 
)t of the distance between the centre of 
ration and the axis of rotation." As an 
itract statement^ this is true — that is, if 
balance vibrated without any controllhig 
er, but as a balance, practically, only 
ates in connection with a spring, the 
of vibration will be governed by two 
ents — the diameter of the balance, and 
force of the spring. A pendulum, to 
te in a^ given time, is always the 
leneth in the same latitude, simply 
le the force of gravity is constuit in 
it ; but the compensation balance, 
I of being always the same diameter to 
) in a given time, has its diameter 
dly altered durinc^ changes of tem^ra- 
order to keep t^e time of its vibra- 
mstant, because the amount of the 
ig force, that is, the strength of the 
ipring, varies, 
be admitted that the force of the 
pring varies in the same ratio as the 



temperature, and that the controlling power 
of the balance varies as the square of its 
velocity, and, therefore, as the square of its 
diameter; then — 

Let the strength of spring be = 10, and 
the diameter of balance = 10, the controlling 
power of the balance will be represented by 
10* = 100, that is, the strength of spring 
will be to efficacy of balance as 10 to 100, 
or 1 to 10. If now, through an increase of 
temperature, the strength of spring be 
reduced to 9, the controlling power of the 
balance, to correspond, should be reduced to 
10 X 9 = 90. 

Again, let the strength of spring, through 
a decrease of temperature, be increased to 
11, the controlling power of the balance, to 
correspond, should be 10 x 11 = 110. 
Now, the square root of 90 being 9*486, and 
the square root of 110 being 10*488, it follows 
that while the diameter of the balance 
should have been reduced by *514 in the 
second case, it should have be^ increased by 
only '488 in the third case. 

We will now consider the action of the 
pendulum. We have seen that in the 
chronometer it is the variation in the force of 
the balance-spring, or the regulating force, 
that gives rise to our perplexity, and that our 
endeavour is so to alter the diameter of the 
balance that its controlling power always cor- 
responds with the force of the spring. With 
the pendulum thecaseisexactlj reversed. With 
the controlling power or gravity constant, 
Mr. Webster truly remarks, that a seconds 
pendulum requires to be shortened a less 
amount than it would have to be lengthened, 
to make an equal difference in the time of 
vibration, ^but to make the case of the 
pendulum analogous to that of the balance, 
we must suppose the force of gravity to vary 
dso. With the seconds pendulum, of a 
length equal to 89*15 inches, let the force of 
gravity be represented by 10. Now, if that 
force could be decreased to 9, the length of 
the pendulum to vibrate would be 

V(39*16«) X 9 „^ , 
^- — Y^ =»= 8715. 

Again, if the force of gravity be increased 
to 11, the length would be 

or while the length of the pendulum would 

have to be reduced 2 inches from the standard, 

.'to vibrate in the same time with a given 
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decrement of force, it need only be lengthened 
1'91 to keep the time of its vibration 
constant with an equal increment of force. 

I believe I have shown, cleariT, that the 
discordance between the action of the spring 
«Dd that of the balance would lead us to 
expect an error in the direction in which it 
occurs. If, however, the error could not be 
traced to the cause I have indicated, the 
centrifugal-force theory would certainly not 
account for it. The velocity of the bsuance 
is so smaU that the amount of centrifagal 
force, even with the largest vibration, is 
reidly infinitesimal, and the amount of the 
difference in the long and short arcs (which 
is really what we have to consider) is so little 
that its effect on the balance need not be 
considered. Let us take a balance having a 
drcnmference of 4 inches, and with one-half 
of the rim and the compensation weight 
attached weighing 40 grains. Eeckoning 
two vibrations a second, the velocity with 
a turn and a half of vibration would be equal 
to one foot per second, and the amount of cen- 
trifugal force equal to 2*5 grains. With a 
vibration of three quarters of a turn, giving 
a velocity of '5 foot per second, the amount 
would be '64 of a grain. The difference be- 
tween the greatest and least would be equal to 
1'8G, or say 2 grains at the outside, an amount 
so small, as before observed, as to be utterly 
inadequate to bend the arm of the balance 
with any effect. Besides, it is well known 
to chronometer springers that in any one 
temperature the long and short arcs, whatever 
their range, can be made perfectly equal by 
the adjustment of the balance-spring alone. 
The difference in the lengths of the arcs of 
vibration from other causes being provided 
for by the isochronism of the balance-spring, 
it is the difference of arcs through changes of 
temperature only that the centrifugal force 
Uieory would apply to. 

Mr. Webster makes the rather remarkable 
statement, that the laminated rims of a com- 
pensation balance are springs, and that, 
obeying the laws of all other springs, they 
become weaker when heated, and stronger 
when cold, and that therefore they can offer 
less resistance to the influence of centrifugal 
force in heat than in cold. Is not this re- 
viving the doctrine of elastic force in an 
accelerating ratio ? and if true, what then 
becomes of the Astronomer Royal's table ? 

The laminated rim of a balance is no 
more a spring than any other piece of 
solid metal of the same substance, but on 
account of its shape and the i)eculiar action 
of bending inwards in heat, it would offer 
more resistance to centrifugal force in a 



high temperature than when cold had made 
it straighter, and given it a direction out- 
wards. I am unable at this moment to 
Tekx to experiments which I know have 
been made on this subject ; bni I am certain 
that the result showed that such metab u 
brass and steel were stronger in heat up to a 
temperature much beyond anything in which 
chronometers are tried. I have tried experi- 
ments with long rods of steel and brass, with 
weights attached to the ends of each in an 
oven, but if the weights were the same 
distance from the point of support, both in 
cold and heat, I could not find them de- 
flected by increase of temperature ; but my 
means of observation were not sufficiently 
accurate to enable me to give the result with 
any confidence. 

rerhaps the Astronomer Boyal might be 
induced to make some experiments, and set 
at- rest the question whether the loss of 
elastic force of the balance-spring means 
anything other than its elongation by heat. 

I will only mention, in conclusion, that 
there must be some mistake in Mr. Webster's 
reference to Mr. Eullberg's balance, where he 
says the rim is double the thickness of the 
ordinary balance. This description could 
not apply to the flat-rim balance known as 
Kullberg's balance, but probably refers to the 
balance of which you gave a drawing in your 
January number, and which was given to 
illustrate the efficacy of the laminated arm, 
and which, Mr. Kullberg stated, woald 
'< almost make him believe that a solid steel 
rim of the same section would act enough to 
make this error in extremes almost nil.'' 

Of this I am quite certain — that with an 
ordinary balance having a steel bar and 
laminated arm double the ordinary thigkness 
no results whatever could be obtained; it 
would simplv not act, and could not be 
adjusted for heat and cold. 

D. GLASGOW. 

20, Myddelton Square. 

RAILWAY INSURANCE CHAROEST 

Since we drew attention to this subject in 
the January number of the Journal, so 
many instances of loss and restriction in the 
transmission of watches and jewellery hate 
been brought to our notice that from want 
of space we are unable to publish the com- 
mumcations of our correspondents. Thrte 
representative cases may, however, be tak^ 
to show the injurioiis incidence of. the 
Carriers Act upo n the watch and jewdldry 
trades. (1 .) Where, in an endeavoni' to do 
business, parcels of goods have been sent bj 
railway uninsured snl lost. -Here tlie 
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railway companies repudiate their liability, 
in the absence of proof that the goods were 
stolen by their servants, and as it would 
be clearly against their interests to en- 
dsayoor to bring home the crime to their 
serrantfl, the matter is dropped. (2.) 
Where the enormotis rate demanded by 
the railway companies for insurance has 
been paid by the sender rather than run 
the risk of loss, although nearly the 
whole of his profit is swallowed up thereby. 
(3.) Where an application for goods on 
approbation is absolutely refused by the 
manufacturer, because he will neither pay the 
enormous sum required for the insurance of 
the whole parcel, on the chance of selling a 
portion, nor send his wares uninsured with 
the risk of their being stolen in transmission. 
We understand that the railway companies 
sometimes compromise the losses sustained 
by the large silk houses, rather than lose their 
custom ; bat with the trades we represent no 
such spirit of sympathy is shown. The 
companies ruthlessly shield themselves 
behind the Carriers Act, and if the value of 
the goods lost can possibly be brought over 
the £10 line, they fight it out with all 
their power of wealth. A case of particular 
hardship, recently reported in the Bath 
Journal^ has been brought under our notice. 
A jeweller of that city sent a locket which 
he had sold, with some other small articles 
of jewellery on approbation, by the Great 
Western Railway. The parcel being lost, 
the sender applie4 for compensation, clearly 
ahowing that he could replace the whole of 
the articles for less than £10. But no. 
The railway company resisted on the ground 
that the retail price of the articles would be 
just over the limit ; and the judge, afcer 
taking time to consider the point, gave it in 
favour of the company. All the cases we 
have cited clearly show the necessity (now 
recognised by the Oovemment) of recon- 
sidering the privileges of the railway com- 
panies under the Carriers Act. 

Sir Charles Adderley, Bart, on Tuesday, 
23rd February, received at the Board of 
Trade a deputation of Members of Parliament 
and representatives of the various trades 
interested, who waited upon him to solicit 
the support of her Majesty's Oovemment to 
the motion of Mr. Jackson, M.P., for a select 
committee to enquire into the operation of 
the Carriers Act. 

Mr. Morley, M.P., in introducing the 
deputation, explained the object they had in 
view, remarking that the Carriers Act was 
passed npwardb of forty years ago, when 
goods, beiag sent by earners' carts, were 



exposed to much greater danger than at the 
present time, and under the present condition 
of things its operation could only be regarded 
as vexatious and oppressive. The charges 
for insurance of goods by rail were most 
excessive, which was exemplified by the fact 
that a parcel of goods could be insured from 
Lyons to London for a shilling, whilst the 
insurance on the same parcel on the railways 
here would amount to a pound. These exces- 
sive charges, he maintained, stood in the way 
of careful arrangements on the part of the 
carrying companies, whereas if they were 
fixed with the responsibility they would in all 
probability exhibit greater care in the selec- 
tion of their servants. He was somewhat 
struck with the truth of the remarks of Lord 
Bedesdale as to the travelling public not being 
aware of how much they were at the mericy 
of railway companies, and he thought the 
observation would apply with equal force-to 
those who sent goods by rail. 

Mr. Jones, F.R.G.8., Vice-president of the 
British Horological Institute, representing 
the watch trade, spoke of the difficulties of 
their position in consequence of the high rate 
of insurance upon railways. As an evidence 
of this he mentioned an instance in which a 
railway company had asked £6 for carriage 
and insurance on a parcel worth £75, which 
was greater than the freight and insurance to 
India or Havannah. This burden of insur- 
ance, he urged, pressed undaly upon the trade, 
and was highly detrimental to it. 

Sir Chas. Adderley, in reply, thanked the 
deputation for having brought so important 
a subject before the Board of Trade, and for 
the explanations which had been made. He 
said that they must be aware that the nature 
of carriage as well as the nature of goods had 
so changed since 1830, when the Act was 
passed, that that Act could scarcely be 
applicable to the present state of things. 
The deputation had shown many great 
faults in the existing law, and he was 
most willing that cdteratioDs should- be 
made. Mr. Cave had promised a committee 
in 1868, but he begged them to recollect that 
neither he nor Mr. Cave had been in office 
since that day, and he had no doubt that the 
Government who were in office had from the 
pressure of business been unable to find time 
for the investigation of this important subject. 
He would feel it his duty, when Mr. Jackson 
asked for a select committee, to grant the 
application on the part of the Government ; 
and he hoped that the committee would be 
composed so that it might look thoronghly 
into the matter, in order that it might be 
dealt with without loss of time. . . » 
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GOLD AND SILVER TRIAL PLATES. 

[The report of the Depnty Master of the Mint for 1878 coatains, in the form of a memo- 
randum by Mr. W . Chandler Roberts, the Chemist of the Mint, the following accomit 
of ancient trial plates, prepared to ensure the integrity of the ^Id and silver coinage of 
this countnr, and the yarious steps and incidental difficulties m the production of new 
plates, both gold and silver, in 1873, after a lapse of 45 years.] 



Befobe proceeding to describe the pre- 
cautions which have been taken to ensure 
the purity and accuracy of the new trial 
plates, I may be permitted to present, in a 
tabular form, a statement of the results of 
assays which I have made to ascertain the 
composition of the ancient trial plates. 



together with some remarks as to their 
history. I have to express my thanks to 
Mr. Prideaux, clerk of tne Goldsmiths' Com- 
pany, for having enabled me to consult the 
Kecords relating to the preparation of the 
plates preserved at (Goldsmiths* Hall. 



Table showing the Composition of the Ancient Gold Tblal Plates of which portions are 

preserved in the Mint. 



DtU. 



1349 



1477 



1527 



STANDABD 

PBE80RIBKD 

BYLAW. 



InotfBlt 



23 3i 



220 



Pro- 
bably 
1543 



23 



Deeimal 
eanlTft- 

iMlt. 



994*8 



916*6 



958-4 



BooMdj 



ACTUAL 
00MFO8ITI0N. 



permitted 
Ttflatioii in 



•ndinthoo- 
■iartthi. 



Gold . 993*5 
Silver - 5*15 
Copper* 1-35 



Gold . 915*5 
Silver- 78*3 
Copper 6*2 



Gold . 954*4 
Silver- 34*8 
Copper 10-8 



^ carat 
or 13*9 



^ carat 
or 5*2 



^ carat 
or 6*9. 



i carat 
or 6*9 



REMABKS. 



Amongst the Cotton Manuscripts is preserved 
the account of a trial of the pyx of gold nobles 
in the year 1349. The coins were to be com* 

eared with one ounce of florins of Florenee, 
ept in the Treasory as standards. 

This, the earliest Trial Plate of which there is 
any record, was made in the 17th year £dw. 
IV . Special legal provisions were enacted for 
the protection of the coin of the realm, which 
appears to have been debased in every possible 
way. When gold coins were first introduoed 
into England by Henry III. in 1257 they 
were 24 cts. fine, that is, pure gold. Edward 
III. in 1345 was the first to use the standard 
of this plate, 23 cts. 3^ grs. fine, or 994*8. 

In 1526 Henry VlU. issned a proclamatkm 
directing that crowns of the double rose 
should b^oined of the standiurd 916*6 for con- 
current issue with sovereigns and other coins 
of the original standard of 994*8. This plate 
was made in the following year. 

This nlate was probably prepared to correspond 
with the debasement of standard which took 
pkce in this year from 994*8 to 958*4. In 154i 
the standard for all gold coins was reduced to 
916 6, and again in 1546 to 833*4, the lowest 
point ever reached in England. 



I a I I I M I I— ■— ^ ■ ■ _ 

* With Copper are included any minute quantities of other base metals which may be inoiODt 
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1553 



8TANDABD 

FBB80RIBBD 

BYLAW. 



Ineamtt 
ftad 



23 Si 



1560 



1560 



1593 



1605 



Deotmal 

•qiiiT»- 

leal 



994-8 



220 



23 3} 



22 



916-6 



994-8 



916-6 



1649 



23 3i 



1660 



1660 



1688 



22 



994-8 



916-6 



23 3^ 



22 



22 



994-8 



916-6 



916-6 



AOTUAL 
OOKFOSmOV. 



Gk>ld - 990*3 
Silver- 9-7 
Copper — 



Gk)ld - 913-7 

Silver - 60-8 

Ck)pper 26'7 

Gold - 994*3 

Silver- 6*7 

Copper — 

Gk)ld - 916-9 

Silver- 621 

Copper 31-9 



Gold - 990*3 
SUver- 8-3 
Copper 1*4 



Gold - 913*0 
Silver- 51-1 
Copper 35-9 



Gold - 990-9 
Silver - 3*7 
Copper 5*4 

Gold - 912*9 
Silver - 63*3 
Copper 33-8 



Gold - 914*6 

Silver 

Copper 



}85-4 



KIMIMWy 



p«nnittod 
Twiation t& 



andlnttum- 



^ carat 
or 6-9 



^ carat 
or 6*9 



i carat 
or 6-2 



i carat 
or 6*9 



1^ carat 
or 6-2 



^ carat 
or 69 



i carat 
or 6-9 



i carat 
or 6*9 



^ carat 
or 6*9 



This is the first plate bearinff an inscription, 
which rung as follows: STAl^^ o C5F o 
XXUI o KAEE^ o X o GEE« o DEMIo 
FYNE o PEYVE o MAEKB o«. It bears 
no date, but the '* prjve marke " (a pomegra- 
nate) is the same as that borne by the sove- 
reigns and " angels " issued by Mary in this 
year. In a proclamation, dated 1663» it is 
stated that the coins shall be made of *' fine 
gold," which doubtless, means the old standard 
of 994-8, which, according to Ending, was in 
use in this year. 

On her accession to the throne in 1658, Eliza- 
beth took active measures to continue the 
improvements in the standard of the coinage 
which had been commenced by Edward Vl. 
On the 8th November, 1660 (the year in which 
these plates were made), an indenture was 
made with Thomas Stanley to coin gold of 
both standards. 



In the 36th year of Eb'zabeth's reign (1593) a 
commission was granted to Sir E. Martin to 
issue coins of the standard 916*6 ; this plate 
was, doubtless, made with reference to that 
coinage. 

In the first two years of his reign (1603-4) 
James I. issued coins of the standard of the 
previous plate, namely 916*6. In 1605, how- 
ever, he raised the standard back to the 
original 994*8. A plate of the standard 916*6, 
dated 19th Novemoer, 1604, is mentioned in 
'* PoUet's Abstracts of Pyx verdicts," but no 
portions of it remain in the Mint. 

On the 16th November 1649 (the first year of 
the Commonwealth) an Act of Parliament was 
passed empowering the council of state to ad- 
minister an oath to a jury of jgoldsmiths 
charged wiUi the preparation of this plate. It 
was accordingly made on the 20th December 
following. • 

Charles II., soon after his accession, ordered 
these plates to be prepared, rejecting those 
made under the Commonwealth, which had 
only been employed at one trial of the pyz. 
With regard to the 994*8 plate, it may be 
mentioned that no coins appear to have oeen 
issued of this composition after the year 1640. 
No record of the preparation of these plates 
is preserved at Gkndsmiths' Hall. 



id» 
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STANDARD 

PRESCRIBED 

BY LAW. 


ACTUAL 
COMPOSITION. 


Remedy of 

permitted 

Tariation i> 

carats 

andintfaoB- 

sandtha. 


- 


Date. 


In carats 

and 
grains. 


Decimal 

equiTa- 

leni. 


BBMABKS. 


1707 

1728 
1829 


22 

22 
22 


916-e 

91C-6 
916-6 


Gold - 9171 
Silver- 69 6 
Copper 23*4 

Gold . 9161 
Silver - 604 
Copper 33*6 

Gold . 916-3 
Silver- 376 
Copper 46*6 


i carat 
or 6-9 

i carat 
or 6-9 

i\ carat 
or 2*6 


This plate appears only to have been used at the 
trial of the pjx which took place on the 21st 
August, 1710. After this it was finaUj 
abandoned, probably because it contained too 
much gold, and was therefore to the disad- 
vantage of the Master. For instance, at the 
next trial, on the 7th Aug., 1713, the use of 
the 16G0 and 1668 plates was resumed, both 
of which were considerably below standard. 

It may be observed that in 1817 an effort was 
made to attain p^reater accuracy in the coinage, 
the remedy being in that year reduced from 
6'9 to 2*6 parts in a thousand. 



New Taial Plates. 



1873 



1873 



22 916-6 



Supplementary 
Plate. 



Gold - 
Copper 



916-61 
83-89 



Pure Gold. 



2-0 



\ The standard plate was alloyed with copper 
/ only, in order that it might correspond with 
r the composition of the British gold coins. 
1 Both plates were prepared at the Mint, and 

verified by the Goldsmiths' Com pany, 22nd 

December, 1873. 






Table showing the Composition of the Ancient Silver Trial Plates of which Portions 

are preserved in the Mint. 



STAli DARD 

PRKSORIBED 

BY LAW. 



Date. 



In OZ8. 

and 

dwta. 



No 

date. 



Dedmal 
equiva- 
lent. 



ACTUAL 
COMFOSITION. 



Remedy or 

pennlttod 

variation in 

dwU. 

and in then 

■udthaL 



Silver. 767*4 
Copper 246-6 



ItPMAttTTR 



XL is plate hears no date, nor is it accompanied 
by any label, but its form would appear to 
indicate that it belongs to a very early period. 
Until the year 1842 the trial plates were kept 
in the Pyx Chapel, in the cloisters of West- 
minster Abbey, where certain assay pieces of 
gold and Mlver, viith ancient memoraDda re- 
latiDg to them, were also found. One of these 
pieces is the extremity of a bar or ingot of 
silver, which has its upper surface rounded, 
and imperfectly impressed with the dies of a 
coin of the time of Henry III. (1216-1272). 
Mr. Black, formerly Assistant Keeper of the 
Public Eecords, considered that this had been 
employed ot the tiial of the pyx, and that it 
is probably the reaieins of the oldest standard 
piece which Jisa been presemd. 




IM»3 



yam noBoiomcAir jFomtiniit. 



Dtto. 



8TAKDABD 

^BXSOBIBKD 

BYLAW. 



In 

and 
dwti. 



1477 



Pro- 




II 2 



1542 



L553 



9 6 



DtefnuJ 
lant 



92&-0 



▲OTUAL 
OHEPOfimOK. 



pennltt<a 
TariatioQ Id 

dwta 

•ndlnthoar 

■MKltha, 



SUTer. 923-5 
Gosper 76'5 

Silrer- 885*5 
Copper 114*5 



775-0 



11 2 



.5eo 



9250 



11 2 



Sflrer- 763*6 
C<^per 236-4 



Silver- 927*0 
Copper 73*0 



BflniBdjr 



«i 



BSMABKS. 



2dwti. 
or 8*4 



These tliree earlier plates differ in fonki from 
aJl those which succeed them. They are 
chisel-shaped, the ends being hammered out 
apparentlj in order to receiye the impression 
of a coin. This impression is, howeyer, only 
preserved on the 1477 j)late. There is no 
record of any coioaffe having the composition 
of this plate, but a uibel is attached to it bear- 
ing the date «13th October 18th Henry 
Vin." (1627). 

Probably Henry Yin. issned in Ireland, in his 33rd year 
8 dwts. (1542), coins of the standard. Their circola- 
or 12*5 tion in England was nrohibited, but within 
four years he reduced tne standard in England 
to 333-3 parts of fine silver in 1,000. 



2 dwts. 
or 8-4 



925*0 



Silver- 930*2 
Copper 69:8 



2 dwts. 
or 8*4 



Mary, on her accession to the throne, issued a 
proclamation stating that a coinage of " Silver 
in fineness of the standard sterling " should 
be commenced ; in the indenture, however, of 
the same date (1553), the composition is fixed 
at 916'6. Hiis plate, which bears an inscrip- 
tion similar to that on the gold plate, and t£e 
same privy mark (a pomegranate) appears to 
have been prepare^ to correspond with the 
eomposition named in the proclamation, but 
no mate having the composition prescribe 
in me indenture (916'6) exists in the Mint. 
Several coinage arrangements introduced by 
Mary were convenient. The standard of 
silver was the same as that of gold« and ihidt 
values, therefore, were easily comparable. 
The weights of the coins were so adjusted that 
a orown in silver, or two sovereigns in golcl« 
weighed one ounce. 

On the 27th September 1560, Elizabeth isstied 
a proclamation, stating that " to make an end 
of all troubles arising from debased monies. 
Her MJajesty had already begun a ooinagv of 
fine money in the Tower of London." Thii 
plate probably marks the restoration of the 
old stfmdard, which took place in this reign. 
The convenient arrangements introduced oj 
Mary were discontinued, a change which was 
subtequently regretted by Lord Liverpool, in 
his letter to George III. (p. 100), as it intro- 
duced difficulties in the comparison of the 
values of gold and silver coin. Had Mary^s 
regulations been allowed to continue, the 
composition of boUi ^old and silver ooini ' 
Great Britain and British India would -^^ 
present day have been identieid* ^ 
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ClliB0B,im. 



leoo 



1601 



1604 



1649 



STAKDABD 

PBX80RIBBI 

BYLAW. 



In on. 

■nd 

dwti. 



3 



11 2 



1660 



1688 



1707 



1728 



1829 



DmIbmI 
leDft. 



2600 



9260 



11 


2 


9260 


11 


2 


926-0 


11 


2 


925-0 


11 


2 


925*0 


11 


2 


925-0 


11 


2 


925*0 


11 


2 


925-0 



AOTUAL 

ooKFoemoK. 



Silrer- 252*0 
Copper 748-0 



Silrer - 925-1 
Copper 74-9 



SUyer- 922-7 
Copper 77*3 

Silver - 9237 
Copper 76-3 



Silyer- 924-2 
Copper 75-8 



Silyer- 9220 
Copper 780 

Silrer- 9220 
Copper 780 

Silver- 9289 
Copper 71-1 

Silver- 925-0 
Copper 75*0 



pcnbiM 
TUtaUon In 

dwto. 

■ndlntlMNi- 

■MKltha, 



3 dwti. 
or 12*5 



2 dwts. 
or 8*4 



2 dwts. 
or 8*4 

2 dwts. 
or 8-4 



2 dwts. 
or 8-4 



2 dwts. 
or 8*4 

2 dwts. 
or 8*4 

2 dwts. 
or 8*4 

1 dwt. 
or 4*2 



This plate is labelled " Standard for Ireland, 
Anno 1600"; and in 1601 Elizabeth decreed 
that coins of about this standard should be 
issued in Irdand ; or, as the indenture states, 
"with such proTision and moderation as in 
former times nad not been done, and so u 
none of our Highness' loYin|; and faithful 
subjects should be therebj prejudiced." Con- 
sidering how extremely debased this> coinage 
was, it IS difficult to understand these expres- 
sions. Simon states that the standard was 
241*5, but Malynes fixes it at 250, a state- 
ment which is confirmed by the composition 
of this plate. 

This plate was employed at the trials of the 
pyx up to the 20th June, 1605, and it« com* 
position is rery closely in accordance with the 
true standard. 



The jury of Groldsmiths empanelled to prepare 
the gold plate on the 16th Norember, 1649, 
were also ordered to make this silrer plate of 
the standard 925, to be used as " Standard 
Trial Pieces." These pieces were " to be in- 
dented and printed according to the pleasure 
of the Parliament." 

As in the case of the gold plates of this date, 
there is some uncertain^ as to where this 
plate was prepared. 



Prepared by a jury of Goldsmiths, and rerified 
by tiie King's Assay Master. 



New Trial Plate. 



1873 



1873 



11 2 



Sup 



9250 



^ementary 
Plate. 



Silrer- 924*96 
Copper 75-04 

Pure Silrer. 



4-0 



Prepared at the Mint, and rerified by the 
Groldsmiths' Company, 22nd December, 
1873. 
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frident that, althongh the standards 
MB were always prescribed bylaw, 
[ plates hare nereilheless at times 
7 inaccarate. The imp^foctions of 
plates are mainly dne to sonroes of 
ich had been recognised, bnt which 
ored when the last plates were made ; 
is well to explain, therefore, that 
ere, in former times, anthoritativelv 
ced to be ** standard '* simply with 
9 to the resnlts of an inaccnrate pro- 
jssay. The process now consists in 
ng an accurately weighed portion of 
y to a rapid method of chemical 
» whereby impurities are eliminated, 
I precious metal, thus purified, is 
eighed, but the method is compli- 
id the accuracy of the result may be 
by the retention of impurities, or by 
il loss of metal during the process, 
igbt of gold as indicated by the 
will, in consequence, not represent 
lunt originally present in the alloy, 
3 therefore necessary to control the 
by assaying, side by side with the 
nder examination, *' standards " or 
eces the composition of which is 

As, howeyer, any error in the com- 
of these checks will be reflected in 
It of the assay, it is preferable to use 
f pure metal corresponding in weight 
[nount which the alloys to be tested 
cipated to contain. Formerly such 
►f pure metal were not employed, and 

amount of silver, varying from 
* looo^h part of the initial weight of 
7 piece which remained in association 
i gold, was consequently reckoned as 
the assay report. It follows, there- 
it even the more recent plates, when 
ily assayed, are usually found to be 

below the exact standards which 
re intended to represent, 
experiments made with a view to 
1 the composition of the newly pre- 
tandard gold plate show that the 

variation of this plate from the 
andard does not exceed loJoo^h part of 
le mass ; but the use of even a fairly 
I standard plate is liable to be 
1 with error, as the actual amount of 
; metal in the portion taken for the 
iece may exceed or fall short of the 
ndard. It follows, therefore, that the 
ports on portions of metal tested by 
son with this check may indicate the 
i of too little or too much precious 

objections to the use of a standard 
late are ftr greater, as the alloys used 



for the silTer coinage, in this and in other 
countries are mechanical mixtures, the 
molecular arrangements of which are very 
peculiar, and so far as my experience goes, 
a plate of the legal standard cannot be pre- 
pared of uniform composition. 
^ With regard to the use of pure gold and 
silver plates, it should be pointed out that, 
if it were possible to obtain gold and silver 
of absolute purity, there would be no limits 
to accuracy m assaying, except such as arise 
from operations of a purely mechanical 
nature. Of course, it is not possible to attain 
to chemical purity, and the presence of 
traces of impurity in the checks causes the 
results of assays made in comparison with 
them to indicate the presence of an amount 
of pure metal in excess of that actually pre- 
sent in the alloy ; but as the converse can 
never be the case, that is to say, as the gold 
cannot be more than pure, no danger can 
arise from this cause, and the error can be 
easily allowed for. 

The supplementary fine gold and silver 
plates which I have prepared in accordance 
with my instructions will, I venture to 
hope, prove eminently satisfactory. I have 
not been able to prepare, or to obtain from 
any source, gold of greater purity, even in 
small quantities. The silver plate leaves 
little to be desired, although it is not quite 
as pure as silver prepared by M. Stas, in 
comparison with which it is as 999*95 to 
1000. 

Standard Gold Plate. 

In 1829, when the last gold trial plate 
was made, the gold coin contained 4 per cent, 
of silver, and the alloying metal of the plate 
was a mixture of silver and copper, but im- 
provements in the process of separating gold 
and silver, which were adopted shortly after- 
wards by English refiners, rendered it 
possible to obtain gold nearly free from 
silver, and since that time copper alone has 
been used for admixture with the precious 
metal. 

The Coinage Act of 1870 directs that the 
gold coin shall contain eleven-twelfths of 
fine gold, bat does not specify the metal 
with which the gold is to be alloyed, and the 
preparation of the new plate might have been 
simplified by the use of silver as the alloying 
metal. Auer careful consideration, how- 
ever, I determined to use copper (the purity 
of which was guaranteed by its high electric 
conductivity), and thus to preserve identity 
of composition between the trial plate and 
the coinage. 
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Fortunately the gold-copper alloys em- 
ployed, in minting present bat slight yaria- 
tions in molecnlar arrangement, provided 
the utmost care be taken to ensure a thorough 
admixture of the constituent metals while in 
a molten state ; but the adoption of copper 
as the alloying metal greatly increased the 
difficulty of securing an exact as well as 
homogeneous plate, and repeated meltings 
were necessary before the results of assays 
proved that the bar, into which the alloy was 
cast, contained the true proportions of gold 
and copper. This bar was then rolled into 
a plate, and the results of assays from dif- 
ferent parts are shown in the accompanying 
diagram, from which it will be evident that 
its composition ranges from 916-5 to 916*7. 
parts of fine gold in 1000, the mean varia- 
tion from standard 

l^cw Trial Plate of Standard 

Gold — weight 72 ounces. 

(1-lOth actaal size.) 



916*60 



916-60 



916-30 



916-70 



916-62 



916-70 



916-70 



916*65 



916-60 
916-50 



(916-66) being 
T aifto th of the 
whole mass. I 
may add that Mat- 
thiessen considered 
the gold-copper al- 
loys to be " solidi- 
"fied solutions of 
"allotropic modifi- 
" cations of the 
'' metals in each 
" other," a view 
which these results 
tend to confirm, 
and I am persuaded 
that the homo- 
geneity of this alloy 
may now be con- 
sidered to be clearly 
916-60 established. 

The composition 
of different parts 
of this plate was 
ascertained by the 
ordinary parting 
assay, which is, as 
I have shown in 
former Reports, the 
most accurate and 
trustworthy method 
wliich it is possible to employ. 

The actual determination of the propor- 
tion of gold and base metal existing in the 
alloy depends upon the relative accuracy of 
the initial weight of the portion of metal 
operated upon, and of the weights used in 
the final weighing of the purified gold, which 
gives the result of the assay. In order to 
avoid errors in this respect, the weights used 
were from time to time examined and veri- 
fied by the Warden of the Standards. 



916*62 



916*60 



916-65 



916.70 



916-64 916.60 



916-60 



916-60 



In the verification of the plates I had the 
advantage of the co-operation of Mr.SidadalQ^ 
and, in assnringK)urBelv6s of the purity aad 
accuracy of the plates, we made more than a 
thousand assays. 



Standard Silver Plate. 

The preparation of the silver trial plate 
was attended with much difficulty, as the 
standard silver alloy appears to.be a solidified 
mechanical mixture of two solutions, and the 
cooling of such an alloy is accompanied with 
a remarkable molecular rearrangement, in 
virtue of which certain combinations of the 
constituents of the molten alloy beoome 
segregated from the mass, and its homoge- 
neous character is destroyed. In order to 
explain this, it is necessary to refer to an 
important series of experiments, conducted in 
the Mint at Paris by Level, with a view to 
ascertain the nature and define the limits d 
this molecular mobility. 

In one experiment the alloy, which con- 
tains 900 parts of silver, was cast into a 
cubical mould of 45 m.m., and a portion cot 
from the centre of the mass gave on assay 
90*95 p.c. of silver, while a portion cut from 
one of the angles only contained 89* 95 p. a, 
showing a difference of 1*0 p. c. Levol proved 
that it is only the alloy containing 71'898 
p.c. of .silver which is absolutely homoge- 
neous. He also finds that, while the altoy 
containing 71*893 p.c. of silver is homoge- 
neous,in all alloys containing more silver l&a 
this amount, the centre of the solidified man 
is richer than the exterior ; and that, on the 
other hand, in alloys of fineness lower than 
71*893 p. c. the centre contains leas silver 
than the external portions. 

I endeavoured to prepare a plate of onifixm 
composition by pouring a thoroughly stiiied 
fluid mass of the silver-copper alloy into open 
moulds of iron and stone, but the rapid 
cooling which followed did not arrest the le- 
arrangement of the alloy, which, as the 
experiments show, accompanies the solidifica- 
tion of the mass. A plate was cast into a 
mould of porous brick, the mould being 
maintained at a bright red heat in a separate 
furnace, in which, when filled with metal, it 
was allowed to cool slowly. The resalts of 
assays prove that the mass was far from 
homogeneous, although the molecnlar 
arrangement differs considerably from that 
of a similar plate cooled rapidly. 

A diagram is given, showing a mass of lU 
ounces of the silver-copper aUoy thoroii^y 
stirred in a crucible which, waa. jtbiD U&vbl 
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vnaee. The mirface of the alloy was 
td-with ineaQdeacent charcoal, and the 
al extinction of the fire was effected by 
g the damper. The results of assays 

upon different parts of horizontal 
ns of the mass are shown in the 
iQii and prove that the composition of 
ass is not uniform, although t^ere is 
cided concentration of silver towards 
ntre. The silver has accumulated at 
kl points which do not appear to bear 
elation to the geometrical form of the 
I cannot account for this, but it 
to illustrate the difl&culties with 

investigations such as these are beset. 
i gradu^ increase in richness from the 

to the centre of a strip of standard 
is well shown by a curve which gives 
suits of 11 assays made on portions of 

cut in a line at right angles to the 
i of an ordinary fillet or strip of silver 
"ed for the coinage of florins. 
•m the foregoing remarks it will be 
it that it is impossible to cast a 
ird silver plate or bar of uniform com- 
>n, and it was necessary, therefore, to 

to an artifice in order to obtain a 
ird trial plate of the required dimen- 
One thousand ounces of standard 
were cast into an iron mould heated 
hort of redness, the interior of which 
cm. long, 25 cm. wide, and 5 cm. 
. The mass so obtained was placed 
the bed of a planing machine, and its 

surface to a depth of 4 m.m. was 
ed. The remaining metal was then 

into a sheet 1*6 m. long, 45 cm, 
and I'd m.m. thick, 
tions of metal were then taken from 
rts of the sheet and assayed, and the 
3 proved that the silver had concen- 

itself in the centre of the mass, and 
;he portion shown as detached could 
be used as a trial plate. The mean of 
e assays taken on this portion gave 
5 as the composition of the plate, 
, therefore, only varies from standard 
»th part of the whole mass, and I am 
kded that the remarkable structure of 
toy renders it highly impossible that a 
perfect plate could be prepared. 
;arefal examination of the assays on 
itire mass of 1000 ounces convinced 
lat the irregularities of composition 
ess than might have been anticipated 
he results of the previous experiments ; 
A the solidification in this case must 
>een gradual, it appeared advisable to 
ain the extent to which the arrange- 
of the alloy is affected by slow and 



uniform cooling, LevoL employed in his 
researches- iron monldsjefteh-pfovided-witha 
funnel-shaped tube, and he pointed out that 
this form was necessary in order to avoid 
irregularities of CDmTKJsition vrtrich" ^re 
caused by the rapid cooling of the surface of 
a mass of metal cast in an open mould. 
Their structure confirms Levol's statement 
as to the concentration of silver towards the 
centre of the mass, but they also prove that 
the molecular rearrangement is compara- 
tively slight if the mass of metal is slowly 
and uniformly solidified. Experiments on a 
series of silver-copper alloys are now in 
progress, and I hope to communicate the 
result in a subsequent report. 

Puas Gk>LD Plate. 

The preliminary experiments satisfied me 
that two methods might be tried with advan- 
tage in the preparation of the 73 ounces of 
pure gold required for this plate. I dissolved 
in each case about 80 ounces of " comets ** 
of the purest gold which I could obtain in 
nitro-hydrochloric acid, the excess of add 
being driven off by slow evaporation. 
Platinum and the allied metals were carefully 
sought for, and the chloride of gold was then 
dissolved in a large quantity of distilled 
water, so that each ounce of the former was 
dissolved in nearly two gallons of the latter. 
This solution was then allowed to rest for 
three weeks, when the precipitated chloride 
of silver was removed bj careful filtration. 

First metlwd. — I employed pure sulphurous 
acid as a precipitant, rejecting the portions 
first and last precipitated, the middle portion 
being carefully washed with hot hydrochloric 
acid of sp. gr. 1*1 and afterwards melted 
with the addition of bisulphate of potatdi in 
a Picardy crucible. 

Second method. — The process adopted for 
the preparation of the dilute solution of 
chloride of gold was the same as that 
described above, but oxalic acid was em- 
ployed as the precipitant ; the resulting gold, 
after careful washing, as in the previous case, 
was melted in a Picardy crucible and oast 
into a stone mould. The process first 
described has the merit of being extremely 
simple, but the gold obtained by it proved to 
be sensibly less pure than that prepared by 
means of oxalic acid^ as will be seen from 
the following table, which gives the degrees 
of purity of gold prepared by different 
methods. 
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Tablb showing the Deobebs of Pubity of Gold prepared by different methods. 



Process adopted. 



Degree of Purity. 



Beduction of chloride of gold by means of sulphate of iron. The metal 
fused in a clay cracible with bisnlphate of potash and borax 

Beduction of chloride of gold by means of pure sulphurous acid gas. The 
metal fused as before ... 

Beduction of chloride of gold by means of oxalic acid. The metal fused 
as before. Portions were heated to redness in a tube rendered 
yacuous by means of a Sprengel exhauster, which, howeyer, did not 
sensibly increase the purity of the metal* 

Beduction of chloride of gold by means of alcohol 

Electrolysis of cyanide of gold and potassium 



999-85 
999-89 



lOOOKX) 
999-89 
999-90 



Pure Silver Plate. 

The method adopted for the preparation of 
pure silyer was that recommended by M. 
Stas. It depends upon the complete redac- 
tion which ammoDiacal solutions of silyer 
salts undergo when acted upon by ammoniacal 
cujprous sulphite, or rather by a mixture of 
sulphite of ammonia and an ammoniacal 
salt of copper. 

Standard silyer was dissolyed in dilute 
boiling nitric acid, and the solution of 
nitrates of silyer and copper thus formed 
evaporated to dryness, the saline mass being 
then fused, in order to destroy traces of 
nitrate of platinum. 

On cooling, the nitrates were dissolyed in 
excess of dilate ammonia, the solution being 
then allowed to stand for 58 hours, after 
which it was passed through a thick paper 
filter, distilled water being added, until the 
weight of silver present was not more than 2 
per cent, of that of the whole bulk. 

The quantity of sulphite of ammonia 
necessary for the precipitation of the silyer 
was thoroughly mixed with this argenti- 
ferous solution, which was allowed to stand 
for 48 hours in a closed vessel, and at the 
end of this time about a third of the silyer 
present had been reduced (in consequence of 
the cnpric becoming a cuprous salt), and was 
precipitated in the form of very brilliant 
greyish white crystals. By heating the super- 
natant liquid to a temperature of about 65° 
0. for some hours nearly all the remainder of 
the silyer was precipitated. The liquid was 
decanted, and the silyer obtained from the 
hot and cold solutions were separately washed 
by decantation with anmioniacal water, until 
the washings ceased to turn blue on exposure 
to the air, and to precipitate chlonde of 
barium. The silyer was then left for several 
days in strong ammonia, and finally, after 



haying been thoroughly washed with distilled 
water, was melted with borax and nitre, uid 
cast into a mould. 

In order to assure myself of the parity of 
this silyer, I tested it side by side with silrer 
distilled in yacno according to the directions 
of M. Stas in a cracible of lime mth the aid 
of an oxyhydrogen blowpipe, and I also took 
the precaution of heating it to redness in 
vacuo, in order to remoye traces of occluded 
gases. 

In conclusion, I would offer some remarb 
as to the practical use of trial plates. They 
were formerly pattern standaros of fineness, 
by which the fidelity of the work of the Mint 
Master or goldsmith was tried, but at the 
present day it would be nearl;^ impossible to 
issue coins known to be defective in fineness, 
and the trial plates hitherto in use haie 
certainly afforded a means of determining 
whether the coins are in accordance with the 
legal requirements. It must, howeyer, be 
borne in mind that in most countries the 
metallurgical operations of minting are now 
characterised by minute accuracy, and that 
eyen the small differences in composition 
exhibited by different parts of the new 
standard plates become of serious impor- 
tance when calculated on amounts of gold and 
silver coin, such as those issued in 1872, 
which were 119 and 137 tons respectively. 
At the same time the new supplementary 
plat^ of fine gold and silver constitate 
standards of reference by which the accunK? 
of a coinage can be rigorously tested, and 
will further be of the greatest value to 
assayers generally, by enabling them to 
ascertain the purity of the che& gold and 
silver employea in their operations, and thns 
to avoid the discrepancies which are now 
often exhibited in assay reports, 

W. Ghakdlbr Bobebtb, 
Ohemiat of the Mint 



This metal was uied for the supplemeatary trial plate. Ita purity, after xoQing, proved to be 00^* 
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THE COMPENSATION EREOR. 

LETTEE PEOM ME. AETHUE E. NEVINS TO ME. HAETNUP. 
Extracied from the Proceedings of the Boyal Astronomical Society. 



my last Tovage from Lirerpool to Calcutta, on board the ship '< Tenasserim/' I had an 
x>rtmiit79 throngh the kindness of the commander, Captain T. C. Potts, of testing the 
ictical value of your method of finding the rate of a Chronometer at sea, by the appli- 
ion of corrections due to change of temperature. 

In 1873 I obtained a copy of jour Report to the Marine Committee of the Mersey 
cks and Harbour Board, for the preceding year, in which you have given examples of the 
thod of miJdng the necessary calculations, and I have followed the instructions there 
en. The two Chronometers used on the voyage were named '' J. Basnett <& Son, 
. 718," and "Thomas Blundell, No. 209." The data from which I made my calcu- 
Lons I obtained from two certificates, given by you at the Bidston Observatory, in 
>tember, 1871, from which I obtained the following results : — 

No. 209, 
Eate in 65« = — 5 'SS r 

70» = — 4'00 r' 
85" = — 2-»70 f^ 



99 



c = 



(U—d) —0-66 



r^-r' = —1-58 = d 
r'— / = —1-30 =^ d 
d—a = — 0*28 
d-^d' = —2-88 ; 



=: _• 00062 



80" 900 

d -^ d' —2-88 
T — 70 = 



X 60 —0-0372 
T = 70 + 77-4 = 147-4 ; 

d -^ d' 
E = r' — (T— 70) 



= + 77*4; 



60 

Bate in 55° = — 0'72 r 
„ 70° = —0-27 r' 



n 



85° = —1-35 f^ 



•00 + 77-4 X -048 = —0-28. 
No. 718, 



r — r'= —0-45 = d 
r'—f^ = +1-08 ==d' 
d — d' = —1-53 
d + d'= +0-63 



C = 



2(rf— d') —306 



80« 



900 



d + d' 



, —-0034 
+0.63 



T — 70 = 

C X 60 —0-204 

T = 70 — 8-1 — 66-9 ; 

d -h d' 

E = r' — (T — 70) 

60 



= —3.1 ; 



— 0-27 + 8-1 X -0105 = —0-24. 



From the above calculations we have the following results : — 

Mean Dmilj Bate. 

In 55° inr70° In 85° C T E 

No. 209 —6-58 — 4-00 —2-70 -00062 147-4 —0*28 

No. 713 —0-72 —0-27 —1-85 -0034 669 —0-24 

Let K s any number of degvees firom T ; then the nte atX+^NsB-fOxK^. 
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On the arrival of the '' Tenaaserini '* in this port in December^ 1873» the errors of both 
Chronometers were fonnd by the time gnn ; and on her sailing, on the 21st Jannary, 1874, 
the errors were again obtained by the same means. The rates were fonnd by dividing the 
difference of these errors by the number of days which elapsed between these two determi- 
nations. The following were the errors and rates as fonnd on January 2l6t, 1874, bj 
means of the time gun : — 

No, 209. No. 713. 

Slow on G.M.T., 0»» 1" 11-0. Slow on G.M.T., 0^ 31"* 2-0. 

Mean daily rate while in port Losing O'S. 

Losing 1-2. 

The temperature to which the Chronometers were exposed while in port was, as nearly 
as I could ascertain, 55° Fahrenheit ; therefore in temperature 55° the rate of No. 209 had, 
between September, 1871, and January, 1874, altered from losing 5*6 to losing 1**2, and 
the rate of No. 713 had changed from losing 0.'7 to losing 0-8. I find from your Seport 
that the two factors, C and T, do not often alter unless the Chronometer is cleaned cr 
repaired (which neither of them have been since September, 1871). I have therefore 
assumed C and T to have remained constant, and I have altered B in both Chronometers 
ap:reeably to the above determinations of the rates while in port. With these data, and 
following the rules laid down in your Report, I have calculated the following table of rates 
for every 5° of temperature (from 50° — 95°), and using it, I have found the error on 
Greenwich M.T. of each Chronometer for every fifth day from January 21st until May 
3lBt, 1874. 

Table of Bates far every 5° of Temperature. 

50° 55° 60° 65° 70° 75° 80° 85° 90° 95^ 

No. 209 — 1*8 — 1*2 — o'6 — o'l +0-4 +0-9 +'l-3 +V7 +Vl +2*4 
No. 713 —1-3 —0-8 —0-5 —0-4 —0-4 —0-6 —0-9 --1-4 —2*1 --30 

Captain Potts has been good enough to supply me with simultaneous readings of the 
faces of the two Chronometers for every day of the voyage. The temperatures given are the 
means for each preceding five days, obtained from the readings of a Board of Trade 
Thermometer (which was kept in the Chronometer-rcom) at 9 a.m. daily. 

The results of my calculations, and the observations of Captain Potts, are given ia the 
table below. 

On May 26th, 1874, the errors of the Chronometers on Greenwich mean time were found 
to be — 



By the Calcutta time gun 

By calculation from rates corrected for change of 
temperature 



No. 209. 

h m s 
Fast 15-5 

Fast 190 



No. 713. 

h m « 
Slow 3J 35 

Slow 33 120 



Differences, or errors of longitude, bj Chronometer . 3*5 85 

You will see by the'table, from the calculations for May 31st, 1874, that by correcting 
the rates for change of temperature the two Chronometers differed from each other in iIh; 
G.M.T. shown by them by only two seconds ; but by using the rates found in Liverpool ia 
55'^ temperature they differed from each other to the large amount oifour minutes andfifljj' 
two seconds of time, or one degree and thirteen minutes of longtitnde. 



Date, 

1874. 


Errors on Green. M.T. from 

calculations with Rates corrected 

for change of Temperature. 

No. 209. No. 713. 

m ■ m t 


Diffsrenoe between the 

two Chronometers 

from 

Comprlfon 
Calculation. with each 

other, 
m ■ ma 


nifferenees of Green. M.T. 
between the two Chronometers 

from Rates ^^^ 
Corrected for Uoeoireeted Ttsp- 
Change of for Change Fs^- 
Temp. of Temp, 
m a m 8 


Jan. 21 


— 1 


110 


—31 20 


29 61-0 


29 510 


00 


0-0 




2G 




18-0 


—31 70 


29 49-0 


29 44-5 


4-5 


4-5 


,v» 


31 


— 1 


23-5 


—31 10-5 


29 47-0 


29 44D 


80 


30 


d'j 


Feb. 6 


"t 


20- 


—31 130 


29 470 


29 47-6 


o" O'O 


0* 20 


CI 


IQ 


— 1 


26-0 


—31 150 


29 490 


29 530 


4-0 


lOO 


(16 


15 


^" 


21-5 


—31 180 


29 56-5 


30 3:0 


6*5 


220 


75 


20 




150 


—31 22-5 


30 7-5 


80 180 


10-5 


* C 390 


f<0 


25 




90 


—31 2^5 


SO 175 


80 S3D 


'6 15*5 


t) 560 


?^ 



bMBmimn.-} 




TEX Bo: 


BOLOaiOAI 


1 JOURNAL. 








in 


> - ^ - r- 


SiTora on Qreen. M.T. flrom 

Ko. 209 No. 713. 
m ■ m t 


DifSBiBDM betwcn the 
two Chronometen 
from 

Compariton 
CaleoUtion. with each 

other, 
me me 


Differeneee of Green. H.T. 
between the two Ohronometere 

from Bates Mean 
Corrected for Uncorrocted Temp. 
Change of for Change Fahr. 
Temp. of Temp. • 
me me o 


r. 2 


•^1 


8-5 


—31 300 


30 26-5 


30 440 





17-5 


1 9-0 


77 


7 




5-5 


—31 32-6 


30 27 


30 450 





18-0 


1 120 


62 


12 


—i—l 


9-0 


—31 350 


30 260 


30 46-5 





20-5 


1 15-5 


59 


17 


—2 


11-5 


—31 37-5 


30 26-0 


30 47-5 





21-5 


1 18-5 


61 


22 


—i—l 


17-5 


—31 41-6 


30 24-0 


30 43-0 





19-0 


1 16-0 


55 


27 


_2 


19-6 


—31 44-0 


30 24-5 


30 41-5 





17-0 


1 17-5 


62 


pU 1 




18-0 


—31 46-0 


30 280 


30 450 





17-0 


1 22-0 


69 


6 


—1 


11-5 


—31 50-5 


30 390 


30 550 





16:0 


1 34-0 


80 


11 


—1 


3-0 


—81 57-5 


30 64-5 


31 7-5 





13-0 


1 48-5 


85 


16 


—0 


55-0 


—32 40 


31 90 


31 220 





180 


2 50 


84 


21 


—0 


470 


—32 10-5 


31 23-5 


31 35-5 





120 


2 200 


84 


26 


—0 


380 


—32 18-0 


81 40-0 


81 520 





12-0 


2 390 


86 


7 1 


—0 


29-5 


—32 25-0 


81 55-5 


32 8-5 





130 


2 57-5 


85 


6 


—0 


20-5 


—32 32-5 


32 12-0 


32 24-5 





12-5 


3 15-5 


86 


11 


—0 


12-5 


—32 39-0 


82 26-5 


32 41 5 





150 


3 34-5 


84 


16 


—0 


3-0 


—32 48-0 


32 450 
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Letters to be addressed to the Editor, at the 
Institute, 35, Northampton Square, E.G. 



THE COMPENSATION ERROR. 

SiBy — It appears from the last two numbers 
the HoROLOOiCAL Journal that Mr. 
imisch and Mr. Webster attribute the im- 
rfection in the compensation to centrifugal 
"cey and as that explanation does not agree 
bh the explanation in mj essaj on com- 
Qsation balances, I beg leave to miJce a 
r more observations. 

Mr. Dent once made an experiment with a 
ronometer to which he applied a balance 
ide of glass, which gave the following 
mlta : — 

Temp. Yibrtttions per hour. 
. 32* 8606 

66« S598-5 

100* 8590 

Iff therefore, the chronometer had been 
justed to mean time in freezing, or made 
00 vibrations, it would, by the first rise in 
mperatuie of 84% have lost 7*5 seconds, and 
Uie aeoond rise 8*5 seconds per hour. 
lis would. make a difference of 24 seconds 
r day ; and as a disc of glass could neither 



be inflaenced by resistance in rims nor 
through centrifugal force, it is evident the 
difference was caused by the balance-spring. 
It is unknown to me by what instrument the 
Astronomer Royal found out that balance- 
springs lose strength in a regular ratio by 
regular increase in heat, but supposing the 
Astronomer Royal's and Mr. Dent's experi- 
ments were made with similar instruments, 
and with equal care, one chronometer must 
have had a better balance-spring than the 
other. I have adjusted some chronometers 
with ordinary compensation balances that 
only went 2 seconds per day slower in 32° 
and in 100"* than in G6% and othei-s with 
balances that looked exactly similar in which 
the difference amounted to 5 seconds per day. 
I can therefore come to no other conclusion 
than that balance-springs warp or expand 
more or less by increase in heat — that *tbis 
causes an additional friction on the balance- 
pivots, and retards the vibrations, and as the 
spring has to overcome this additional 
friction, it loses rotary strength in an 
increasing ratio. I cannot agree with Mr. 
Webster that the balance of a chronometer 
follows the same law as the pendulum of a 
clock. If we suspend a light stick by a 
piece of wire, fastened right angular to its 
middle, and place on the stick two weights as 
heavy as it will carry, we then find where we 
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give it a rotary motion, and make the wire of 
such a length that the stick vibrates half- 
seconds when the weights are placed halfway 
between the middle and the ends ; it yibrates 
seconds when placed on the ends, which 
clearly proves that the velocity with which a 
balance vibrates is in the direct proportion 
to the distance of the centre of gyration from 
the centre of motion, and not as the square of 
the distance. 

I am, Sir, yonrs, &c., 

F, KNUDSEN. 



Sir, — Mr. Webster, in his letter this 
month, states the times of vibration of the 
balance are as the square roots of the dis- 
tance of the centre of gyration from the 
axis, bnt he does not say anything about 
the force, or how it is to act. Is it to 
be the same force applied at the respective 
centres of gyration of each balance ? or is it 
to be the same force, acting always at the 
same distance from the axis ? Or if other- 
wise, would he have the kindness to explain 
it, so as to make the subject complete. 

Respectfully yours, 

JOHN MACKEN. 
15, Clarence Street, Feb. 15 th. 



FLAT-RIM BALANCES, 

Sib, — Mr. Knudsen, in answer to an article 
on the Gradual Improvement in the Rates of 
Chronometers, published in the Hobological 
Journal (April, 1874), said that the chrono- 
meter that had the highest place at the 
Greenwich trials, 1870, had no auxiliary to 
the compensation, but that an improved 
compensation was obtained by giving the 
balance such a form that the compensation 
rims were more than double the usual length. 
By a due attention to length and thickness 
of rims, Mr. Knudsen says, auxiliaries be- 
came unnecessary. This explanation, with- 
out any farther luiowledge of the new balance, 
very much surprised me, but since the readers 
of the Journal have now been favoured with 
a description of the before-mentioned balance, 
I can account for the success, as well as Uie 
reason why a description was not given — 
because it could only be called a double rim, 
or flat-rim balance (see my description of 
similar balances, Greenwich List, 1862). 
Various balances on the same principle were 
exhibited by me in the International Exhibi- 
tion the same year (see Practical Mechanic's 
Journal^ Record of the Great Exhibition, 
1862). The balance invented bv Mr. 
Knudsen (if I am rightly informed) and 
exhibited close by, in the same exhibition, 



had an ordinary upright rim, and addi- 
tional reverse laminsd, acting in the opposite 
direction, in order to get the compensating 
weights at the extreme end of the rim. Being 
fully convinced that Mr. Knudsen would be 
the last man wilfully to deprive me of the 
small credit that attaches to the invention of 
the double or flat-rim balance, I trust yea 
will insert this in your Journal. 

I am. Sir, &c., 

V. KULLBERG. 
P.S. — ^Whilst I am about balances, permit 
me to correct an error in the report of a dis- 
cussion held at the Institute, and published 
in the last January number of the Journal, 
I was, in that report, inadvertently made to 
say, the lower the weights arc placed on the 
flat rim, the better. I said, the lower the 
weights are placed, the more effective will 
they be in extremes of temperature. 

C0 dmtspviiitMis. 

We are compelied to withhold the letter of 
HoBOLOOiST penned in a spirit of animosity 
to Mr. Oroeemann. It is too personal and 
intemperate for publication. 

WHl any of your correspondents obUge hy 
giving the necessary instructions ofproc$dm 
with Geneva jeweUseUings whm they hnvt 
become damaged? — Jobber. 

Railway Iksubakob Ghauoeb.— At the 
sitting of the House of Commons, on 
February 23rd, Mr. Jackson rose to moTe 
for a select coomiittee to inquire into the 
operation of the Act 2nd George lY. and Ist 
William lY., c. 68 (commonly known as tiie 
General Oarriers Act, 1830). He complaiDsd 
that the Act did not work well and fidny, and 
that the high rate of insurance oharged by 
carrying companies was almost prohibitofj, 
so far as regarded the transmisHion of ribbom, 
watches, and many other articlea which were 
sent from the places of manufacture to 
different parts of the country, and exprand 
a hope that the Government would consent to 
the appointment of a committee to inquire 
into the grievances complained of, with the 
view of providing some remedy. 

Sir G. Adderleysaid that the great changes 
which had of recent years taken place in m 
mode of carriage throughout the country had 
rendered some diange in tb% law neoessaiyi 
and he therefore consented to the motion. 

After a hw words fixna Mr. S. Hill, the 
motion was agreed to. 
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THE OPERATIVE ' DEPARTMENT OF THE MINT. 

BY MR. ROBERT A. HILL, 
Superintendent of the Operative Department. 

(Fbom the Rbpokt op C. W. Frebmantlb, Esq.) 



Melting House. 
During the past year the work has been 
of a lighter character than in 1872. The 
Ivge gold coinas;e which commenced in 
1871 was broaght to a close in the month of 
Jane, 1873, and the weight of gold melted 
daring the six months from January to Jane 
was 2,028,280 oances, as against 11,002,512 
oances in the year 1872. The amount of 
gold melted, therefore, daring the year was 
coniiderably below the average. 

Advantage was taken of the stoppage of 
coining operations for a period of twelve 
weeks in the months of Jaly, August, and 
September, to submit to mechanical treat- 
ment the whole of the gold *' sweep " which 
had accumulated, and which amounted in' 
weight to 26} tons. The gold recovered was 
refined and brought to account, and the 
''sweep," which was afterwards dried and 
sold, realized £2,414 10s. This result shows 
that, notwithstanding the use, for the first 
time in this department, of mechanical means 
for the purpose, it is impossible to recover 
from " sweep " every particle of the precious 
metal. Arrangements have now been made for 
the daily treatment of the " sweep " in the 
melting house, and the necessity of any large 
aoenmulation of residues is thus avoided. 

Although the amount of silver melted in 
1878 was not quite so large as in 1872, it 
was greatly above the average, 6,369,133 
ounces having been melted and cast into bars 
for the different denominations of coin . To- 
wards the end of the year I was enabled to 
have a set of moulds finished for half-crown 
and florin bars, of the reduced thickness 
moitioned in my memoranda for the years 
1871 and 1872, and, as far as the melting 
house is concerned, these new moulds have 
been perfectly successful, the metal being 
as easily cast in them as in those of the 
original size, A somewhat longer time is 



occupied in filling them, but their advantages 
more than compensate for any delay in the 
operation of pouring. The shilling, sixpenny, 
and threepenny moulds will now in turn be 
reduced in thickness, so that it is hoped that 
by the end of the present year the use of 
thick bars will have been entirely dis- 
continaed. 

Owing to the length of time occupied by 
the treatment of the gold '* sweep," the 
'* sweep " from the large coinage of silver 
which has been in progress since the year 
1871 has not yet been dealt with, but steps 
have been taken to recover the metal con- 
tained in it by continuing the usual mode of 
treatment whenever opportunity has offered, 
and advantage will be taken of any suspen* 
sion of the coinage to bring the necessary 
operations to a conclusion. 

The amount of bronze melted was only 45 
tons, consisting entirely of the ''scissel" 
from the bars bought for coinage, which were 
of the required dimensions for roUmg when 
originally delivered to the Mint, aad con- 
sequently were not subjected to any prelimi- 
nary operation of melting in this department. 

Coining Department. 

The rolling machinery is, as is well known, 
totally inadequate to the requirements of the 
department, and, from its want of power, has, 
as in former years, caused much delay in the 
rapid out-turn of work. The machinery in 
the roUiug-room has frequently to be kept in 
motion for several hours after the work in 
the other rooms of the department has been 
finished, in order that a sufficient supply of 
"fillets" may be famished to the adjusting 
and cuttiag room, in which the next opera* 
tion of coining is performed. Another very 
important objection to the present deficient 
rolling power is that two different metals 
cannot be worked at the same time, althongh 
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it is frequently desirable that this Bhould be 
done ; andy speaking bom experience, I can 
confidently say that the requirements of the 
coinage can only be adequately met by 
doubling the rolling power of the Mint. 

A considerable weight of the thin bars 
above mentioned, the introduction of which 
has been the means of effecting a saving of 
much time and labour, was put into work 
towards ihe end of tiie year. A great ad- 
vantage in oonneotioii with these bars is, 
that it has become possible to dispense alto- 
gether with the process of annealing, which 
in the case of thick bars is indispensable, and 
thns to obtain greater regularity in the " fillet." 

The W(Hrk in the adjusting and cutting 
rooms has been most satisfactorily performed 
the weightof the gold coinageof £24,500,000, 
which was finished in June last, having been 
found to be within two-thousandth parts of 
an ounce of the actual standard weight pre- 
scribed by law, while that of the coinage of 
£6,500,000, finished in 1871, was found to 
be the exact standard weight. These results 
show the greatest care and attention on the 
part of those engaged in this department. 

During the suspension of the coinage in 
the summer, the working gear of the draw- 
bench was renewed, as suggested in my me- 
morandum for 1872, and it is estimated that 
the amount of rejected coin has in conse- 
quence been diminished by nearly one-third. 

The ''waste" on the gold coinage only 
amounted to £57 on each million coined, 
and considering the pressure upon the ope- 
rative department during the progress of the 
coinage, and the rate at which it was neces- 
sary that the coin should be produced, this 
result must be considered very satisfactory. 
It is unnecessary to point out that the very 
small ** remedy " on the weight of each indi- 
vidual piece allowed by the Coinage Act of 
1870, and the consequent increase in the 
amount of rejected coin, added to the diffi- 
culty of working with antiquated and cum- 
brous machinery, offer serious obstacles to 
the economical execution of the coinage, 
and that the above result reflects credit on 
both the officers and men employed in the 
department. 

In the annealing room experiments have 
been made with a view to discontinue the 



practice of " blanching " silver " blankp," and 
coins of some denominations have been struek 
and issued without undergoing this process. 
The loss in this department has in these cases 
been greatly reduced, and the saving of time 
and labour incidental to the change of 
practice is considerable. The experiments 
will be continued, and it is hoped that their 
final result will be not less satisfactory. 

Die Depaetment. 

Owing to the bad quality of the steel 
supplied for dies, referred to in my memo- 
randum for 1872, the work in this depart- 
ment has been almost doubled ; and it has 
been necessary, in order that the proper 
supply of dies might be daily furnished to 
the press room, to employ the artificers 
** overtime " throughout the greater part of 
the year. 

I append the usual statement, showing the 
number and denominations of pieces of the 
Imperial coinage struck during the jears 
1871, 1872, and 1873, from which it will be 
seen that in 1873 no less than 5,163 dies 
were used to produce 43,724,951 coins, while 
in 1872 only 3,655 were used to produce 
59,452,174. Towards the end of the year, 
however, I succeeded in obtaining some steel 
of a greatly improved quality, and the dies 
made from it have produced a far larger f ro- 
portion of coins than has been obtained from 
any steel used of late years. A great improie- 
ment has been effected in the turning of the 
dies, by shortening the length of the neck, 
and consequently giving greater strength to 
the die. This change materially reduces tbe 
number of dies used in the press room, 
especially when, as has been the case since ; 
October, owing to the number of threepences 
required for shipment to the Gold Coast, the 
Mint is employed in coining small monqrs. 
The dies now in use produce over sevtftj 
thousand pieces per pair, which so &r sIiovb 
a considerable im{H*ovement on the results 
obtained in 1873. 

Besides the 5,598 dies used for the 
Imperial coinage, this department has sunk 
526 colonial and other dies, and 4 mcdil 
dies ; and the total number of matnctt* 
punches, and dies simk and finished dariBg 
the year 1873, therefore, has been 6,128. 01 
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the aboT»>iiientioned 716 were worn dies re- 
rank, and again finished for ooining. The 
department has alio prodsced during the 
year 2,000 war medala for the Armj and 
Navy, the osoal medals for the Umrersity of 
London, and the gold and silrer medah pre- 
■ented hj the Foreign Office as rewards of 
caMB of shipwreck abroad. 

The total expenditure in wages, inclsding 
oTertime, daring the year Las been £980 17a. 
3d., while the amount earned by extra work 
performed during the same period was £890 
Us.6d. 

MlOHUTEBT DEPARTKXirr. 
Thii department has been enabled to meet 
all demands made npon it for the ordinary 
appliances required in the processes of coin- 
ing daring the past year, and in June last 
the operations of the coinage were snapended 
for a period of twelre weeks, in order that 
the repairs of the machioery, rendered ueces- 
sary by the strain to which it had of late 
years been subjected, might be satisfiwtorily 
executed. The renewal of the working gear 
of the draw-bench and the re-gearing of some 
€^ the wheels in the rolling- room were 
entrusted to pri7ate firms, as the time at the 
disposal of the Mint was limited ; but with 
these exceptions the whole of the ueceBsaiy 
repairs were executed by the staff of artificers 
attached to the department. The 40h.p. 
engine was put into thorough repair, and a 
new condenser and air-pamp fitted and fixed. 
The tbItc slides of this engine were also re 
planed and surfaced, the first motion wheel 
repaired, and the defective boOer pipes 
replaced. The 20-h.p. and 6-h.p. engines 
were similarly examined and repaired, the 
rollers were renewed and adjusted where 
]iecenary,andtheeightBcrew coining presses, 
with the machinery connected with them, 
were also thoroughly eiamined and put into 
good working order. I should fnrtiier 
meatii(» that two entire seta of new moulds 
for half-crown and florin ban were c«opleted 
bUon the cIo«e of the year. 

I hare continued to reoeire sealons assist- 
iXLce from both oE&cers and men in the 
cf)eratiTe department, and I hsn a^ain to 
apren my satisbetion at the manner in 
which the work of the dqiartmoit has been 
perroimedi 



DIATE OP ME. J. ft ULEICH. 

Some of hit early Contrwaneet Ji>r Oompauaiwa. 
We have to record the death, at tte age of 
eighty, of Mr. J. Q. Ulrich, aa old oontri- 
butor to this joomaL Ur. TTlrioh nu^ be 
said to have devoted his life to inTeatigaiing 
the oanses of the temperature error of cbro- 
ncmeters, and derising meawi for B t—t er- 
actii^ it. Although his peculiar temperment, 
no doubt, acted to his prejudice, and aerred 
to alienate m«ay of his Mends, has miaiying 
api^ioation, through more thui fifty yem, to 
the task be bad set himself, must be viewed 
with admiration and respecd; 

Hr. TJlrich's Essay on CompeiuatMD, )>ub- 
lisbed in the December and Ja&iwry Bom- 
bers of the journal, included, as some of his 
earlier efforts, the diagrams given below, 
which were held over to allow of his writing 
a description of them — a labonr he was 
destined never to accomplish. Am examina- 
tion suggests that in Fig. 1, a is a platform, 




on which the Compensation contrivance is 
fixed ; b is t^ pendulum spring ; m an 
elariac aFoing atnd ; dd ia a brass hewn, to 
wfaan «xtrcaitie6 are jointed two steel mmt, 
M, «Ueti have a third «- middle jeiatat/ 
yfkm the braas beam expands in kM^ it 
dsMBttte «teel htt tovarda tte 1iim>— i, 
thereby causing the armature, y, which is 
linked to « at ^ and which carries the CriC' 
tion rollers with their bearings and springs, 
to move up and down the elastic spring Btnd, 
thereby |voducing a sort of compensation! 
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Another drawing (Pig. 2), in which the 
reference letters are not identical with the 




parallel with the spring stud, we are not 
aware, anless the elight plate onder the 
sfciag aerres the pnrpoH of a gnide. .. 



In another arrangement, Bhown hy Figs. 
3 and 4, he eridently intended nsing a plain 
balance, as in the other contrivances ; but 
here he nses two pendalam springa instead of 
one. The lengthening of one spring, it 
Eeeras, is intended to oppose the lengthening 
of the other ; and to iDcrease this oppoBition 
between the two springe, he has designed 
compensating collets acting one against the 
other. This is only a snpposition. 

We have given these proposala of Mr. 
Ulrich, not, of conrse, as practicable ideas, 
but as a record of what has been attempted 
in this direction, and as exempUfjing the 
amonnt of thought and iogeniiit; he must 
Lave brought to bear on the snbjeot. 

BEADT UETHOD Of HAEINa A LEIT- 
HANDED SCREW-PLATE. 

(From the Sttnu CkronamitrifK*.) 

Take a small steel plate, as ahown in Vig. 1, 
drill and tap it the size reqaired with in 
ordinary right-handed tap of the nqnired 
pitch ; then cat through one ude of the 
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plate as represented, and bend it in th« 
manner indicated by Fig. 2, so that the angle 
of the threads is jaet reversed. After 
hardeaing, it is evident this plate will enable 

oncto ci'^i lef^- handed screw. 

CLOCK AMD WATCH MAKERS' ASYLOE 
A SPECIAL general meeting of the sab- 
Bcribe'rs will be held at the Crown and Wool- 
pack, St. John Street Road, E.C., on 
Monday, April 19, at seven o'clock, to receive 
the last year's accoanta, and for the parpose 
of electing one male and one female inmate. 
For the two vacancies there are two mnie 
and three female candidates. George Phil- 
cox, chronometer maker i George Smitbi 
enameller ; Mary Hnssey, widow of jobber 
and finisher ; Elizabeth Brittain, widow ot 
finisher ; Rosetta Cox, widow of watch and 
chronometer jeweller. We are glad to ob- 
serve from the report of tha committee Uist 
the treaanrer of the institntioa has a sob- 
stantial balance in hand. 
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ON AN IMPROVED METHOD OF CONSTRUCTING THE DEAD- 
ESCAPEMENT FOR CLOCKS. 

By benjamin LEWIS VULLIAUT. 
{Continued fiom pa^e 182, Vol. XVI.) 



To ninBtrate this farther, suppose ABC, 
Fig. 1, Plate IV., a scape-wheel of six teeth. 




to which it is required to apply a pair of 
dead-beat pallets, which are to take over two 
teeth, or, what is the same thing, occupy the 
portion of the circle contained between three 
teeth*; circnmscribe the points of the teeth 
of the wheel by a supposed circle, Y E Z, 
divide each of the spaces, D E and £ F, be- 
tween the teeth, DE and F, into two eqnal 
parts at G and H, draw the straight lines, 
DGandFH, and prolongthemnntil they meet 
at I ; the point, I, will be the proper centre 
of motion for the pallets ; from the centre, 
I, draw the two portions of circles, KL, and 
U N, intersecting the circumscribing circle 

* It nujp be worth wliils to notice, oa a general 
ral«, thkt a pair of pallets aln ajs occupj tba epoco 
or portion of tlio circle contained between the num- 
bsr of the teeth they take orer and one morei tLos, 
taking OTsr tiro teeth, thej require the >pace con- 
tained between tlirea t^etli ; ware thej lo take Orer 
ten tcelh, the; would occupy the apace contained 
between eleven. The reasoa ii evident : in the one 
cue, the tliicknees of the polk'ta is without the 
teeth, and the other within, and the tliickceaa of 
each pallet being equal to half a space, the thiokneai 
of the two together must be equal to one eniire 
■pace ; no allowance, aa before obaerred, being raado 



at the points, DO and HP, the ciicnlar 
rests of the pallets will he a portion of these 
circles ; the inner rest of the smaller, the 
onter rest of the larger circle. To determine 
the angle of lead of the pallets, prolong the 
two lines, III F and IQD, to and P, and 
from the point I, draw the two straight 
lines, I Q and I K, forming the two angles, 
I Q and RIP, equal to one another ; and 
from the points, F and 8, of intersection of 
the sides of the angles by the portions uf 
circles, K L and M N, in the one angle, and 
the points, D and T, in the other ; draw the 
straight lines, F S and D T, these will be the 
inclined planes or faces of the pallets. 

As this mode of proceeding would be rery 
difGcult, not to say impossible, in practice, 
except in the case of large wheel^ on ac- 
connt of the little distance the points that 
determine the thiekneaa of each pallet are 
from each other, the preferable mode is, 
after having determined the place of the 
pallets apon the circumferenca of the wheel, 
as above deBcrit>ed,todrawfroffl the centre, X, 
of the wheel, Fig. 1, Plate IV., the two lines, 
X n and X TJ, bisecting the arcs, F H and 
D Q, which mark the thickness ofthe pallets; 
and from the points, V and V, where those 
lines intersect the circle, to raise the two 
perpendicnlare, V W and V W, which lines 
will be tangents to the circle ; and thatdone, 
to draw the lines, PHI and D I, parallel 
to the two lines, V W and V W, and the 
point, I, where they meet, will be the eentre 
of motion of the pallets, and must be the 
same originally formed ; for a chord will 
always be parallel to a tangent touching the 
same circle, when the tangent touches the 
circle at a point equidistant between the two 
points where the chord meets the circle ; and 
that is the case here, for, by the conBtmction 
of the figure, the angle, X V W, is a right 



113 



THE HOROLOaiCAL JOUENAL. 



[Apbil, 1876. 



angle, and the angles, VXF and VXH, 
cqnal angles. The chord, H P, being 
parallel to the tangent, Y W, it follows that 
the line, I, which is the chord, H P, pro- 
longed, must be parallel to the same tangent, 
V W. A similar demonstration will apply 
to the chord, D G. 

That there is but one proper place for the 
centre of motion of the pallets, and that it 
is the point found as above described, will be 
evident, when it is considered that, for the 
pendulum to be led an equal quantity by the 
action of the wheel on each pallet (the in- 
clined planes of which must be of equal 
length, otherwise the action will not be the 
same on both), it is requisite, making no 
allowance for drop, that, at the instant the 
wheel has advanced a quantity equal to half 
the space between two of its teeth, the lead 
of the pallet should be completed, and 
that the tooth, which has just led the 
pallet to the extremity of the angle of 
lead of the pallet, should quit tho pallet ; 
and, at the same instant, the other pallet 
should present itself in such a situation that 
Another tooth of the wheel may come into 
action with it ; that when that tooth shall 
haye advanced the same quantity as the pre- 
ceding, that it shall also have led the other 
pallet, which it has acted upon to the ex- 
tremity of its action of lead ; and have 
brought the first- mentioned pallet into a 
situation to receive the following tooth of 
the wheel to that by which it was previously 
led. 

This can only be the case when the lines, 
I and I P, which pass through the circum- 
scribing circle, intersect it as the points 
which determine the thickness of the pallets, 
which, from the construction, it is evident in 
this case they do. By reference to the figure 
it will be seen that, in consequence of the 
angles, I Q and P I S, being equal to one 
another, and the sides, I and I P, of the 
same angles intersecting the circumference 
of the circle at the points, H F and G D 
(equidistant each to each from the point, I), 
where the circle forming the circular rests 
intersect the circle circumscribing the points 
of the teeth of the wheel, the pendulum is 
led a quantity equal to each of those angles 
at each vibration. For, supposing the wheel 



advancing at the moment the tooth, 2, 
has reached the extremity of the inclined 
plane of the pallet, A A, the point, S, of the 
pallet will have reached the point, H, and 
the point, T, of the pallet, B B, will have 
reached the pointy G, ready to receive the 
tooth,] 1, which at that instant will drop 
upon it ; and when, by the action of the 
tooth, 1, upon the pallet, B B, it is retomed 
to its former place, the point, F, of the 
pallet, A A, will be ready to leceiTe the 
tooth, 8, which will at that instant drop 
upon it. 

To render the above 
apparent as possible^ the whed 
drawn with only six teeth, 
posing a wheel, even of the siie of tbirwlnd 
in the figure with thirty teeth (the nmiber 
for a second pendnlnm), in wbioh oan' tiie 
pallet would be only one-fifth of thurppssent 
thickness, the portion of the eirole the choed 
would subtend would be so short, and^. con- 
sequently, the space between the choBd 
prolonged^ and the tangent so small, tbst 
tliedistanoe between- the poiiubs^I sBdi W, 
would be mnch lass dfpvoeaatL Jan Hlmom 
of a scape-wheel of the size osnally em- 
ployed in second pendulum docksi in laying 
down the lines for the pnrpose of defesr- 
mining the distance between tiiQ twocentm^ 
it will be sufficient, unless when reij g^est 
accuracy is required, to draw two linei^ 
bisecting the points which mark the thkk- 
ness of the pallets upon the eirole of ilie 
wheel, and upon those lines, at the poiots 
where they intersect the circle of the lAed, 
to raise two perpendiculars, and to take the 
point where these perpendicalan meet^ ss 
the centre of motion of the pallets. 

Were the centre of motion of the pallet 
placed higher or lower than the proper place, 
as above determined (see Figs. 2 and 3, 
Plate lY.), in both which the angle of lead 
is drawn the same as in Fig. 1. In the one 
case, the action of the tooth of the wheel 
upon the inclined plane of the pallet, A A, 
(see Fig. 2) — here the centre of motion of the 
pallets is raised — would lead the pendulum 
an angle less than the angle of lead, 1 Q, as 
drawn, by a quantity equal to the angle, 
I X, and, consequently, the point, T, of 
the line. T D, or inclined plane of the pallet, 
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B B, instead of having advanced a Baffi.-ient 
quaDticy to meet the tootli, I, at the point, 
G, will only Lave advancei) to H, and the 
point of the tooth, 1, would drop upon tlie 




Fjj. 2, i'iiitu IV. 



incUned plane, H K, of the pallet between 
Pand P ; and the pallet advanciag witliless 
rapidity than the whee', ihev will meet nearer 
P than ir.* 




Iq the other case (the centre of motion of 
the pallet! is dropped nearer to the centre of 
the wheel) the action of the wheel upon the 
ioclinod plane of the pallet A A, Fig. 3, 
Piute IV., wonld lead the pendulum an angle 
exceeding the angle I Q of lead already 
drawn, by a quantity equal to the angle, I 



* 11]> cfloct tbkt noald roaull in praclioe from 
tlia lootli dropping on Uie inclined pUne of the 
pallet would b« U> eiQsB the icBpP-wlieol, •nd, con- 
•eijuvntlj, lfa« whole train of HDceli, to recoil,— an 
ptu aubroniTe of the principle of Ibe Mcapement. 



X, and consequently the pallet B B will be led 
HO much too deep into the wheel, that the 
point of the tooth, I, instead of dropping 
Bnfely upon the pallet, will drop upon its 
circular rest at a very considerablo cUstaace 
from the point H.* 

It would be impossible for any clock to go 
with tlic pallets^ shaped as drawn. Fig. 2 and 
.■5, Plate IV. ; but it does not follow that 
pnilets could not be made, preserving the 
same ceatrea of motion, which would perform; 
and at Grst sight, and upon a email ecalei 
appear as matheraatically correct as the 
escBpement drawn Fig. 1, Plate IV. 
(To be eonlmued.) 



In ices, Martinelli, of Spoleto, wrote a 
curious work, describing various methods of 
couEtructing what he calls elementary clooks, 
that is, clocks which were set going by earth, 
air, fire, and water -, some of which could be 
made to show the time of day, the days of 
the week and month, and the courses of the 
moon and planets, with the epact. Time 
was measured in the water-clocks by snSering 
that element to pass snccessively through the 
compartments of a drum-shaped cylinder, 
acting as a pnlley to a cord with a coanter- 
woight, the rapidity of the motion being 
determined by tne quantity of the water, or 
t!ie bore of the orifice through which it 
escaped. The motion of the earth or sand 
clock, was regulated ta a similar manner. 
In the air-clock time was measured by the 
pumping of a bellows, like those of an organ, 
the gradual escape of the air regulating the 
descent of a weight, which carried roand the 
wheels, as in other time-kceners. In the 
fire-clock the motion was prodaced upon the 
principle of a modem smoke-jack, the wheels 
being moved bv means of a lamp, which also 
gave light to tne dial ; and the clock oould 
be made to announce the several hours bj 
placing at each corresponding number of 
crackers, which by certain contrivances were 
exploded at proper times. He tells ub that 
these clocks offered considerable advant^M 
to persons troubled with insomnia, or want 
of sleep, as they gave a eofl, light, and, 
without noise, marked the silent flight of 
time. 



* TbB effect produosd bj ths loath taking moM 
I'old on ths circular rnt than ia nbwlutel? neceusrj 
[ r lafetj ia to cotiftdemblf increate tbe friction on 
tie reit. In pnclice tlie tooth ibould drop jiut on 
the rireal»r Pe»t, and no more. 
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INTEENATIONALEXHIBITIONOPMARI- 
TIME & EIVER INDUSTEIES IN PARIS. 

The first Exhibition of this kind in Paris 
will be open at the Palace of Industry from 
the 10th of Jnly until the 15th of November 
in this year, under the management of a 
committee of note, assisted by foreign com- 
missioners. Chronometrique, and other in- 
struments of precision connected with the 
nayy, will be an important feature of the 
exhibition, and all applications for space to 
exhibit, and other inquiries connected with 
this section, should be made to M. A. H. 
Bodanet, to whose letter, published in this 
number of the Journal, we direct the atten- 
tion of our readers. According to the pro- 
spectus before us. Class XV. is devoted to 
Nautical and Optical Instruments, Ghrono- 
mstry, Marine Telegraphy, Charts: com- 
prising chronometers, mariners* compasses, 
barometers, thermometers, sextants, octants, 
logs, leads and sounding-lines, sand-glasses, 
loxodographs, wind-vanes, hygrometers, elec- 
tric bells and signals, detonating bombs and 
fusees, charts for navigation and fishing. 
Class XVI. also includes horological me- 
chanism, watchwork, electric clocks, sand- 
glasses, &c. Table space to exhibit will be 
charged at the rate of £1 per metre for the 
whole period of the Exhibition, and wall 
space at 85. per metre, exhibits upon which 
must not exceed three metres in height. 
Glass cases and other requirements must be 
ftimished by exhibitors, or at their cost by 
the commission. The following are exempt 
from charge for exhibiting : — Ministers of 
governments, French and foreign museums, 
ofScers of French and foreign navies, French 
and foreign chambers of commerce. Exhi- 
bitors of paintings, or of purely artistic pro- 
ductions, or of articles of an exceptional and 
scientific value, would also be absolved from 
charge. All exhibits must be removed by 
the 30th of November, or, in default, would 
be removed to a repository, and, if unclaimed 
by the 30th of May following, would be sold 
by auction. 



A WATCH of Cromwell, now in the British 
Museum, was bequeathed to the nation in 
1748 by Bur Robert Eich, bart. 



WATCH-GLASSES. 

Watch-Glasses were formerly made in 
England by workmen who purchased from 
the glass-house globes of five or six inches in 
diameter, out of which by means of a piece 
of red hot tobacco-pipe, girided round a pat- 
tern watch-glass placed on the globe, tiiey 
cracked five others ; these were afterwards 
ground and smoothed on the edges. In tbe 
Tyrol the rough watch-glasses are supplied 
at once from the glass-house ; the workman 
applying a thick ring of cold glass to each 
globe as soon as it is blown causes a piece of 
the size of a watch-glass to be cracked out. 
The remaining portion of the globe is imme- 
diately broken and returned to the melting* 
pot. Formerly this process could not be 
adopted in England with the same economy, 
because the whole of the glass taken out of 
the pot was subject to excise duty. In 
England, at the present time, the crown 
glass, used for enclosing the dials of clocb 
and watches, before being moulded or bent 
into the required form, is first cut into cir- 
cular shape by means of a circle-cutter, which 
consists of a circular board, covered with 
wash-leather, which is made to revolve on a 
pivot by one hand of the operator, while with 
the other hand he presses down a diamond on 
to the glass. The diamond is fixed at Uie 
end of an adjustable arm, which traverses a 
slot, the exact diameter of the circular plate 
to be cut being regulated by an index fixed 
at the side of the slot The circular flat 
plates, which are removed to moulds turned 
out of solid firestone, the sinking of the 
moulds being of flat elliptical section, are put 
into one or other of the furnaces, according 
to the size of the glass to be bent ; while in 
the furnace, the mould is kept in continual 
circular motion by the long iron rod of the 
operator, until the glass sinks into the re- 
quired form. The grinding and polishing 
the edge of the glass is the next operation 
By a simple and ingenious contrivance the 
edges of clock and watch-glasses are ground. 
The operator stands in front of the work, 
with his right hand turning round a handle, 
placed vertically above the bench, and with 
his left hand holding a sort of hood, or cup 
supplied with emery powder, by which tbe 
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^ding is partially effected ; the glass to be 
pvTind is temporarily fixed on a boxwood 
nallet, by iDcaQS of cement, at the top of a 
ipindle, which passes through the bench, and 
a which rapid motion is commmiicated by a 
xwoA band from a horizontal vheel below 
lie bench, turned by the right hand of the 
iperator. After the grinding is completed, 
ht edge of the glass is smoothed with 
mmice- stone, and finally polished with oxide 
if tin, usnaily called putty-powder. — Wood's 
Turiosilies of Clecks and Watches. 



3L0CK-MAKING IN THE BLACK 

FOREST. 
jLOCK-makisq in the Black Forest is at the 
jresent time chiefly confined to Ditlis- 
laasen, Eisenach, FurtwanEen, St, Georgen, 
[/enzkirch, Neustadt, Triberg, Villingen, 
ind Robrbach. Essentially a domeetic 
)ccDpation at its origin, and giving employ- 
nent to whole families, it is only 35 years 
,hat watch and clock makinff have been 
arried on in factories, LenUkirch mann- 
octnres a larfje namber of what are called 
Parisian watches, the zinc for the case being 
[applied from Paris and gilded here. The 
:aBee, wheels, and other necessary parts are 
nade separately, nnd the work is divided 
nto various branches ; the separate pieces 
ire brought into the workahopa, where tbcy 
ira put together, aud i:ilockB are sucueseirely 
tumnted, tested, and regulated. 

The different sorts of clocks manufactured 
a the Black Forest comprise : — Clocks with 
reighta, clocks in cases, which include 
2-honr clocks, 24-hour clocks, S-day clocks, 
tocke which go for a month, tower clocks, 
^nlBtors, the spring clocks of English or 
Tench make, ships' clocks, and figure 
locks (amongst which may be classed 
CDckoo" and "trumpet" clocks). 

The importance of this branch of industry 
fill be seen from the following figures : — 
n 1871, the Black Forest nnmbered 1,429 
ree manofactoTiea of clocks and watches, 
lomberiug 7,52G hands, independent of 
romen and children, who were occupied in 
he amall details; 13,000 persons lived by 
bis industry alone. The number of articles 
rodnced had risen in 1871 to 1,800,000, of 
rhich 100,000 were of first-class workman- 
hip. The total represented a value of 10 
lillions of florins. The most cnrioua 
ranch of this art is, without exception, the 
lannfactnre of nntomaton clocks. The 
Teat mnsical clocks are called orcbestrals. 
D (be mannfaotare of these cIix^b the 



work is not divided, at least for the essential 
parts. The masters execute nearly all in 
their workshops, with the exception of the 
metallic pipes. Last year there were S3 
masters and 224 hands employed in making 
these clocks. The great factories of orches- 
tral clocks produce instruments of 5 and 6 
registers, of which the price varies from 
1,000 to 20,000 florins. These clocks are in 
greatest demand in America and in Russia. 
— Sockfij of Arts Journal. 



MECHiNlCALViaUATrOS liETARDIifO EtUST. 

— At the recent meeting of the American 
Association for the advancement of Science, 
Prof. 8. S. Raldeman, of Harrisburg, read a 
paper with the above title, of which the 
following is a briefabstract : — When railroad 
bars are piled beside a road tbcy soon become 
rusted, while those forming the track are but 
little subject to exidation ; and when a rain 
of some honrs' duration falls npon rails when 
in a state of rest, as upon Snndjiys, when 
trains do not ran, they soon exhibit rast. This 
wonld seem to indicate that in chemical 
combination mechanical vibrations may in- 
terfere with the molecular arrangement of 
the elements. The accuracy of these casual 
observationa should, however, be submitted 
to the test of experiment. In the discussion 
which followed this brief communication, it 
was suggested that possibly the oil employed 
upon locomotives mightbe more or less spread 
in a tbia film over the rails in use, and thus 
prevent their oxidation. This view was 
earnestly combated by other speakers. Prof. 
Vasdcr Wcyde was quite certain that the 
Bu^estion of Prof, Haldeman bore reference 
to a fact in physics. Molecular vibrations 
tended to prevent rust. This was a general 
experience with tools. — Iron. 



An experiment was made by Major Holmes, 
in a voyage from the coast ofGninea in 1669, 
which led the celebrated mathematician, 
Hoygens, who was bom in 1629, and died in 
1695, and who had paid great attention to 
watches, and written a treatise on their use 
in finding the longitude at sea, to determine 
if possible to improve a watch for that pur- 
pose ; but he found himself baffled by the 
irregularities of action caused by the alter- 
nations of heat and cold. In the " Philoso- 
phical Transactions" appears "A N'arrative 
concerning the Snccess of Pendulum Watches 
at Sea for the Longitude," 1665, by Major 
Holmes. In the same work we find "In- 
stmctiouB concerning the Use of Pendnlnm 
Watches for Finding the Longitude at Sea," 
1679, by Chriatiui Hnygens. 
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MHiWAT INSURANCE CHAfiGES. 

At the sitting of the House of Commons on 
the 6th Marchi 1875, on the motion of Mr. 
Jackson, the following were nominated 
members of the select committee to inquire 
into the operation of the General Carriers 
Act» 1830 : — Mr. Carendish Bentinc^ Mr. 
Brocklehurst, Mr. Maurice Brooks, Mr. 
Brace, Mr. Campbell Bannerman, Mr. Fresh- 
iBeld, Mr. Gibson, Mr. Goldney, Mr. Stayeley 
Hill, Mr. Laing, Mr. Leeman, Mr. Sampson 
Lloyd, Mr. Majendie, Mr. Morlej, Mr. Pem- 
berton, Mr. Salt, Sir Edward Watkin, Mr. 
Watkin Williams, and Mr. Jackson. The 
committee have elected Mr. Jackson their 
chairman ; they commenced their inyestiga- 
tion on Monday, 22nd March. After hearing 
the evidence of Mr. Buckingham and other 
gentlemen connected with the silk trade, 
which has no special interest for our readers, 
the committee adjourned. 

All those connected with the watchmaking 
and jewellery trades, who have experienced 
loss or injury to their trade through the 
injurious incidence of the Carriers Act, are 
requested to communicate with the secretary 
of the Horological Institute, and, if possible, 
to attend a meeting to be held at the Insti- 
tute on Friday, 2nd April, at 8S0 o'clock, 
with a view to their giving evidence before 
the committee. 



^mtlknm. 



The Municipal Council of Paris, after 
consideration, have decided not to place con- 
trolled clocks showing the standard of time 
at the comers of the principal thorough- 
fares of that city, thus following the action 
of the Corporation of the City of London, 
when the necessity of having standards of 
time was represented to them some years ago 
by the Council of the British Horological 
Institute. A distinction must, however, be, 
made, for while the Corporation refdsed 
to recognise the necessity, the Municipal 
Council of Paris recognise the necessity, out 
plead the enonnous cost of the scheme, and 
with some reason ; for, after detailing the fact 
of Paris possessing 2360 streets, 113 avenues, 
84 boulevards, 49 quays, 136 squares, and 
58 passagei^ the projectors state tne require- 
ment to be 40,000 clocks ! We do not 
gather irom the report what these enthu- 
siasts consider the principal streets, nor the 
number of comers ^each such street would 
have. 



ELEOTRO-PLATma as China. — M. Hansen 
has recently patented in Franoe the follow- 
ing process for electro-plating on a non-con- 
ducting material. Sulphur is dissolved in 
the oil of Lavendula $pica to a simpy con- 
tence. Sesquichloride of gold or sesqui- 
chloride of platinum is then dissolved in 
sulphuric ether, and the two solutions are 
mingled under a gentle heat. The compound 
is next evaporated until of ih& thickness of 
ordinary painty when it is applied with the 
brush to such portions of the china, glass, 
ibc., as are desired to be covered with the 
electro-metallic deposit. The objects are 
baked in the usual way before immerricxi in 
the bath. 



The BivuB ChranomikiquB for Febmanr 
contains an interesting account of proceed- 
ings in connection with the Society of French 
Watchmakers, on the occasion of distributing 
prizes to deserving workmen and apprentioei 
for assiduity, long service, skill, and morality. 
The prizes consisted of medals, in gold and 
silver, and a collection of horological liteia- 
ture. In the course of his opening address, 
M. Emile Japy, president of the society, 
alluded to the English Watdimakers' 
Asylum and Pension Society in London, and 
urged the members of the trade to take theini- 
tiative in founding similar institutions for the 
assistance of deserving artistes who, through 
illness or other misfortune, were thrown into 
want M. Japy concluded bv asking the 
members present if French horologists should 
be less generous than their brethren on the 
other side of the Channel, and expressing s 
hope that in no distant future he should see 
a similar benevolent institution constituted, 
and prosperous in Paris, to the benefit of 
some and the gratification and joy of sSL 



The florin was first coined in 1849, incon- 
sequence of a motion made in the House of 
Commons in 1847, by the late Sir John 
Bowring, for an Address to the down in 
favour of the coinage and issoe of silver 
pieces of the value of ^ and T^th of the 
pound sterling. The motion was withdrawn 
on the understanding that a meoe of the 
value of i\jth of a pound ahonld be ismed, 
and this engagement was carried into eiEsci 
by the issue of the florin. 

In 1854 an inquiry was institated, in por- 
suanoe of instructions from the Chancellor of 
the Exchequer, by Sir John Hendiel, then 
Master of the Mint^ to aaoertain ^ how fitf 
the introduction of the florin . . . had been 
approved, and, if approved) how* ftr on ito 
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leritg , and how far as a pre- 

. atage in the transition to a decimal 
m with the ponnd unit as its basis." 

answen to this circular showed the 

possible divergence of opinion among 
akere, to whom it was addressed, and 
hardly appear to justify the concl asions 
1 at by Sir John Herschel, which were 
able to the florin, both on its own 
it and in comparison with the half- 
; but the inquiries made were in so 
inatances considered in connection with 
sonyenience arising from the concurrent 
ition of the half-crown and florin, and, 
lested in the circular, in reference also 
question of a decimal coinage, that it 
Icult to estimate with any degree of 
ion the amount of favour with which 
iw coin had been received. 

1861 their lordships directed Mr. 
niy then Master of the Mint, to issue 
sr circular to bankers, requesting their 
n on the subject of the comparative 
nence and popularity of the two coins, 
•awing '< special attention to the case of 
•rin on its own merits as an element of 

apart from the presumption of its 
a stage in the transition to a decimal 
je ;•* and in 1862 Mr. Graham reported 
irport of the replies which he had re- 
^ Of these 45 intimated a preference 
le half-crown, and 25 for the florin, 
17 expressed no decided opinion ; but 
nld be stated that in a majority of cases 
"Aon was taken to the concurrent circu- 
of both coins, as giving rise to frequent 
ces and inconvenience, 
hough some further correspondence took 
in 1863 and 186 i between the Treasury 
le Master of the Mint on this subject, 
pa were taken to withdraw either coin 
circulation ; but the coinage of half- 
Bp which had been suspended since 
was not resumed, while tnat of florins 
xotinued. Arrangements having, how- 
been made in 1871 for the systematic 
rawal of worn half-crowns from circu- 
, and the demand for silver coin in that 
10 two following years having been ex- 
e^ not only was the number of florins in 
ation found to have become larger than 
•f the half-crowns, but it became evident 
he difference in the relative numbers of 
x>in would be rapidly increased. 



judicial courts to regulate the lawyers in 
their pleadings. "This," says an ancient 
writer, "was to prevent babbhng; that such 
as spake ought to be brief in their speeches.** 
These clocks were very simple in their ar- 
rangement, being mere vases that were in- 
verted by an attendant. Pliny incidentally 
mentions that each marked the third of an 
hour. This custom supplies Martial with a 
humorous allusion, where, describing a dull 
declaimer repeatedly moistening his throat 
with a glass of water during the progress of 
his aidless harangue, he suggests that it 
would be an equal relief both to himself and 
to the audience, if he were to drink eveiy 
time out of ti^e clepsydra itself. 



Phon Phya Blabha Kakawongse, who 
was lately commissioned by the King of Siam 
to forward a letter of invitation to British 
savants wishing to witness the i^proaching 
eclipse of the sun, is about to receive a mark 
of royal favour in the presentation of an 
English half-chronometer watch and gold 
albert locket (four other councillors of state 
being associated in a like act of approbaticm). 
They are from the ateli^ of Messrs. Barrand 
and Lunds, Comhill. Each watch and ap- 
pendage was enclosed in a casket of coro- 
mandel wood. 



wntDRM were introduced into Borne 

one hundred and fifty-seven years 

\ ttie Ohriatian era ; and by Pompey 

use was commanded in Uie Boman 



In the latter half of the fourteenth oenr 
tury, about the year 1365-6, Edward III. 
caused a clock-tower of stone to be erected 
at Westminster, in the courtyard opposite 
the Palace or Hall, before the entry thereto, 
and near the site of the present clock-tower 
of the Houses of Parliament. This building 
contained a clodk, which struck eveir hour 
on a great beU, to be heard into the hall in 
sitting-time of the courts, and the same 
clook in a calm might be heard in the 
City of London. The tower also oontained 
other large bells, which, as Stow tella ni» 
were '' usually rung at coronations^ triumphi» 
the fiinerals of princes, and their obits. Of 
these bells men &bled that their ringing 
soured all the drink in the town." Henoe 
we may infer that their sound was as dolefiil 
aa that of B^ Ben before he waa cracked. 

In an Issue Boll of the fort^-fonrth year 
of the reign of Edward III, 1871, we find a 
reoordof the payment of two pounds, '' T6 
John Nioole, keeper of the great dock of the 
Lord the King, within ttie Palaoe at Weet- 
minater, taking per day sixpence for hii 
wages for the custody of the clook aforesaid.** 
This was for eighty days, from 24th October 
to nth Jannaiy. Henry IV. also a 
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B clocktn alter, with a sdI&it, to keep this 
clock in order. Frequent mention is made 
cf " borologii Regis infra jialatium Westm." 
in the Patent. Rolls of Henry V. In the 
first year of his reign, 1413, are en tries re- 
lating to the keeper, Hen. Breton, " valectna 
camerc Regis." Among the effects of Henry 
v., onnmtrftted in 1428, vob " j'orlage, fait 
al manere d'nn nief, I'argent preia' par esti- 
mation, ii*." 

From acconntg of the expenses of main- 
taining the Westminster clock and Lhe bells 
in a state of efliciency, for three BuccesEire 
years, namely, the fonrth, fifth, and sixth of 
the reign of Henry VI., it appears that 
Tboraaf, a clockroaker, received 13b. 4d. 
o-year as his salary for the general snperifi- 
tendenee of it ; and also 8s. for making the 
sail when it was broken, 68. 8d, for amending 
the sprin^r of the barrel, I2d. for the wire of 
the Btubil, and 7b. for mending the nnt and 
spindle. He was moreoTer paid for two 
great ropes, the one weighing fifty -two 
ponndfl, and the other forty-nine ponnds, at 
the rate of three halfpence a pound ; also for 
two ropea of thread for the little weight, 2a. ; 
and for boards, laths, and mats, which were 
"bought for to stop the wind from the said 
clock, 22d." It is said that Henry TI, gave 
the keeping of this clock, with the tower, 
called the clock-house, and the appur- 
tenances, to William Wnrby, of Walshy, 
Dean of St. Stephen's, together with six- 
pence per day remuneration tobereceiFed 
at the exchequer. These items of cost afford 
US ft glimpse of what the old Westminster 
clock wns ; and we daresay that it was pnt 
np, set agoing, and kept moving, at far less 
cost and much more expeditiously, than the 
present clock, whose former silence and im- 
movability have been the subject of many a 
smart joke. In the Acts of the Privy Coon- 
cil in 6 Henry VI., H28, are accounts of 
repairs done to the "oretege," which supply 
Bome curions terms of the craft. — Wood's 
Curiosiliea of ClocH and Walchfs. 



ADVASTAOEa OF Al.LOTISa GOLD WITH 

CoppEE AXD ZiNO. — M. Peligot communi- 
cated to the Acad6mie des Sciences of 
France a valuuhlo paper on the alloys 
employed for gold coinage. He states that 
the debates of the several Monetary Con- 
ferences which have from time to time 
been held, prominently show the preva- 
lence of an opinion that the two essential 
points to he considered in the establishment 
of an international currency aro the deeir- 



[Ann^lSTS. 

ability of seeking in the gold standard abaiii 
for assimilating the coinages of different 
countries, and the anxiety to maintain the 
universal adoption of the standard 900. The 
author considers that this anxiety is a seriooB 
obstacle to a common monetary system, and 
that it is possible by the selection of certain 
alloys of gold to produce coins which, beinz 
decimal as to weight, woald be better adapted 
than those now in use for universal currency. 
He shows that by adding Kinc and copper to 
the 20-franc piece, a coin might be obtained 
weighing Id grammes, the triple alloy, 
which is easily prodnced, being perfectly 
malleable and of good colour. For iostance, 
by melting a SO-franc piece with brass and 
copper in the following proportions as to 
weight — 

Gntrnmi!'. 
20-frai)c piece . . 6-456 

Brass . . . 0-891 

Copper . . . 2-ejO 

Weight of the proposed piece lOOOO 

He obtained a satisfactory alloy of the follon- 

ing composition ; — 

MiIlii}mM. 
Gold . ,581 

Copper . -SGI 

Zinc ... 58 

1,000 

The advantage of this system would be 
that the uses of pieces of decimal weight 
would probably follow the gradual introduc- 
tion of the metric system into other conntries. 

He thus concludes his paper : — " Avecdes 
alliaces temaires au titre de 725 on de JSi.' 
milliemes environ, il est possible defabriquer 
une monnaie decimale de poids, ayant pro- 
bahlement les qnalit^s qu' on recherche auu 
les pieces d'or qui circulent actnellement, ct 
conservent toute leur valenr. Qnoique 
personne assur6ment nc puisse aong^ :' 
introduire inopinfiment une telle modification 
dans nos habitudes monetaires, il est n^ao- 
moins permis de rechercher, avec on 
sentiment purement platonjqnc, quels soct 
lea avantages que pourrait offrir une telle 
monnaie, an titre dc 580 milliemes, jw 
esemple." 



The light gold coin imported into the Mint 
for re-coin ago during the year 1873 amonnltd 
to £950,075, as against £778,000 in 18J3. 
and the Bank of England were ^ain the odIj 
importers. 
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Sbyebal instances of forging on watches the 
names of eminent mdcers have been recently 
brought to light. All possible vigilance 
ahonld be brought to detect and expose this 
detestable firaua, the systematic perpetration 
of which proved so disastrous to the English 
witch trade at the beginning of the present 
cmtniy. Last month, a man being charged 
before Sir Sills J. Gibbons, at Gaildhall, with 
stealing a watch entrusted to him to pledge 
by the complainant, who gave an address in 
Clerkenwell, pleaded that the watch was 
worthless, ana that the complainant was 

Sitting his living in an improper manner. 
e went to sales and bought worthless 
watches, and then put new plates on them 
with other makers' names, and got dupes like 
him (prisoner) to pledge them. Eventually 
Sir Sills J. Gibbons said he should dismiss 
the charge, and he thought it was not credit- 
able to either complainant or prisoner. 

"To become a good watchmaker," says 
Berthoud, "it is necessary to be an arithme- 
tician, in order to find accurately the revolu- 
tions of each wheel ; a geometrician, to 
determine correctly the curve of the teeth ; a 
mechanician, to find precisely the forces that 
must be applied ; and an artist, to be able to 
put into perfect execution the principles and 
rules which these sciences prescribe. He must 
know how fluids resist bodies in motion, and 
be well acquainted with the effects of heat 
and cold in different metals ; in addition to 
these acquirements he must be endowed by 
natnre with a happy genius to be able to apply 
them all in the construction of an accurate 
measurer of time." 

AU Letters to bo addressed to the Editor, at the 
Inttitute, 35, Northampton Square, E.G. 

EXHIBITION OF MARITIME INDUS- 
TRIES IN PARIS. 
SiRy — I have the hononr to inform you that 
I have been nominated by the Committee of 
Management of the International Maritime 
Exhibition of Paris for 1875 a Commis- 
sioner of the class for chronom6trique and 
other instruments of precision connected 
with the navy. All applications connected 
with this class of the Exhibition should be 
addressed direct to me, in order that I may 
be enabled in the briefest possible time to 
arrange with the committee as to the neces* 



sary space for your exhibition groups. I 
shall feel obliged if you will give this pub- 
licity among your subscribers. By the post 
I send you particulars of the Exhibition. 

A. H. RODANET, 

Member of the British Horological In- 
stitute ; Secretary of the Chambre 
Syndicale de THorologerie Fran^aise, 
38, Rue Vivienne, Paris. 



THE COMPENSATION ERROR. 

Sm, — I am glad to see that fiirther consi- 
deration is being given by your correspon- 
dents to the Compensation Error, and by 
continuing the discussion we may possibly 
be able to arrive at an ultimate solution of 
the problem. 

In your last number Mr. Glasgow says 
that the statement, ''that the time of vibra- 
tion of the balance varies with the square 
root of the distance between the centre of 
gyration and the axis of rotation," is true in 
the abstract, but the law does not hold good 
when the elastic force of the balance-spring 
varies. This is quite true. He also says 
that the same law does not equally apply to 
the balance and the pendulum, because in 
the pendulum gravity is a constant power, 
whereas the elastic force of the balance- 
spring is continually varying by changes of 
temperature. This also is quite true. Had 
Mr. Glasgow stopped here, I should, in all 
courtesy, have thanked him for pointing this 
out, and for making a valuable contribution 
to the discussion ; but, unfortunately, he pro- 
ceeds to make further calculations and deduc- 
tions, which are altogether erroneous. He 
says that if the elastic force of the spring be 
increased or diminished by equal amounts, 
the centre of gyration should not approach 
or recede from the axis by equal distances. 
He also says that if equal additions or sub- 
tractions be made to gravity, that the 
lengthening or shortening of the pendulum 
should not take place in equal quantities. 
This is an error. 

By reference to any good work on the pen- 
dulum he will find the equation to the simple 
pendulum to be : 
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Where T is the time in Beconds, n is 
8*14159,^ L is the length of pendulum in 
feet^ and G is the force of grarity in our lati- 
tude, 82*1908. 



/TTlT 



By Bqnaring both sides of the equation — 
L T* T*0 

Now, taking this last equation for a one 
jecond^s pendulum— 

T = I .-. T* = 1, IT = 8-14159 .-. 7r« = 
9-86961. G= 821908. 

1 X 82-1908 

Then L = = 82616 feet = 

9-86961 
89-189 inches for a one-second's pendulum. 

Now, let us add 10 to gravity, then : 

42-1908 

= 4-2748 feet. 

9-^6961 

Subtract 10 from gravity : 

22-1908 

= 2-2484 feet. 

9-86961 

Then 42748 — 3-2616 = 1-0182 feet. 
And 3-2616 — 22484 = 10132 feet. 

Therefore, by adding 10 to giavity, we 
have to lengthen the pendulum 10132 feet 
to make it vibrate seconds, and by subtract- 
ing 10 from gravity, we must shorten it by 
an equal amount. 

Now, the same law applies to the balance 
wherein the elastic force of the spring takes 
the place of gravity, and the centre of gyra- 
tion must approach the axis of rotation or 
recede from it in equal ratios for equal 
changes of temperature. 

Then I again ask, Why, in practice, are 
we compelled to make the weights approach 
the centre in a greater ratio than they recede 
from it ? I can account for it in no other 
way than by centrifugal force acting on the 
weighted rims of the balance in a greater 
ratio in heat than in cold, as stated in my 
jEbrmer letter. It appears from the above 
that what I called the geometrical error only 

• In Sir Edmund Beckett'i Treatise, 4th edition, 
page 42, by some aocidental error he puts the nume- 
riou value of vr as 2ir. 



exists in the expansion and contraction of 
the arms of the balance, and, like that in the 
pendulum, is inappreciable for the small 
change in the centre of oscillation for ordi- 
nary ranges of temperature. 

Mr. Glasgow is surprised at my calling 
the rims of a compensation balance '* springs,'' 
but surely he must have known that I wae 
only speaking figuratively. ' I suppose he 
will concede that the rims are more ^ngy 
after being cut than before. 

Mr. Glasgow makes the remarkable qjoierj : 
" Whether the loss of elastic foroe of tiie 
balance-spring means anything other than 
its elongation by heat ?" By reference 
to the reports of the juries for the Exhi- 
bition of 1862, he will there find that 
the loss of time by the ekmffoUan of the 
balance-spring, by increase of temperature^ 
is only l-15th of its eJastie force / 

Equally incomprehensible is Mr. Ohs- 
gow's statement, ** that it is the difference of 
arcs through changes of temperature <mlf 
that the centrifugal force theory would «pplj 
to.'' From this it would appear thatHr. 
Glasgow has not comprehended what has 
been written about the centrifugal theory. 
Of course, the greater the arc of vibratioD, 
the more effective is centrifugal force ; but 
this has nothing to do with the theory sug- 
gested, which simply means that, if all the 
arcs be equal, centrifugal force has a greater 
influence on the rims of the balance wh^ 
heated than when cooled. 

In reply to Mr. Macken, I beg leave to say 
that the law, '* that' the times of vibration 
of the balance are as the square roots of the 
distance of the centre of the gyration fix>m the 
axis," is referable only to a theoretical 
balance, where there is no friction on the 
staff pivots, and whoi the elastic force of the 
spring is always a constant quantity. 

As some of your correspondents hare 
asked how the Astronomer JEtoyal obtaiBed 
the result, that the balance-spring wied 
equally for changes of temperature^ I eo- 
close tiie rate of the chronometer aa trial, 
which will sufficiently explain itself. 

I am, Ac., 

E. WEBSTER. 

Queen Yiotoria Street 
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ELAT.RIM BALANCES. 

Sib, — In answer to Mr. Kullberg's letter 
in the last number of the Hobologioal 
JouBNAii, permit me to state that the only 
knowledge I have of Mr. Enllberg's doable- 
rim balance is through haying seen it men- 
tioned in one of the Greenwich rate-papers. 
I have never seen the balance, or known if 
it has four separate rims or two placed on 
two other rims, and haye never inquired. I 
always believed I was the first who drew 
attention to the fact that a long action of 
the rims ought to improve the compensation, 
and I should have thought Mr. Enllberg 
would have l>een able to see, by the balance 
referred to being so near to his own in the 
Exhibition, 1862, that I did not get the idea 
of a long action from seeing his balance. As 
Mr. Dent's and Mr. Hartnup*s flat-rim 
balances, as well as Mr. Kullberg's, were all 
well known at the time I wrote the letter 
quoted by Mr. KuUberg, it was unnecessary 
to make a complicated drawing, or give a 
description, became I had made flat rims. 
But I thought I would correct the mistake 
in the Journal, and draw attention to the 
principle on which the balance acted, well 
knowing others were quite as able to carry it 
out as myself. 

I am, &c., 

F. KNUDSEN. 



DRUM TIMEPIECES. 

Sib, — In returning thanks to those who 
favoured me with a reply concerning these 
timepieces, I beg to state I have adopted " A. 
D.'s" plan — t. c, reducing the thickness of 
the fourth and scape wheels, also the scape 
and pallet pivots. I have repaired five in 
the same way, and they have all given 
extreme satisfaction, going down to within a 
quarter of a turn of the mainspring (the 
full eight days). I agree with Mr. John 
Fewtrell that you cannot depend upon the 
sound alone for putting them on beat, but I 
cannot see my way clear in reducing the 
weight of pendulum^ball and thinning the 
rod, as he mentions. As a rule, the escape- 
ments are deep, and by doing it his way the 
clock must gain. How is that error to be 
cured ? 

Apologizing for having taken up so much 
of your valuable space, 

I remaioy &c., 

PLYMOUTH. 

Plymouth. 



C0 C0mspnhnts- 

6. Philoox. — The mbstanee of your com- 
munication has appeared in the Journal be- 
fore. 

R. Jabman.— 1. At any of the tool shops, 
2. It must have been some years ago. Very 
great distress prevailed among workmen con- 
nected with the watch trade in London in the 
early part of the present century. A relief 
society was organised, and in 1817 a com- 
mittee of the House of Commons was qp- 
pointed to examine witnesses, and report upon 
the causes of the distress. 

Cheshibe.— 7%« last^ official return was 
issued in 1867. Although, probably, more 
gold cases are now marked, some of the re- 
turns of the number of cases marked at Gold- 
smiths* Hall 80 years ago shew a larger 
aggregate of gold and silver cases together. 

A Manufactubinq Jewblleb.-^ Tc r 
case is not an isolated one. By referring io 
another page you will observe that the House 
of Commons has appointed a select committee 
to consider the matter. 

Chables EAMKAiR.'-Brass, if heated, it 
not haiderfrom being plunged in water than if 
allowed to cool gradually. 

Will any of your correspondents say if the 
balance of advantage lies with lever paUett 
with equidistant lockings or circular paUeisf 
Authorities I have consulted do not agree.— 
J. B. 

Upon an old English clock I find the nam 
of R. Webster, Salop. I should be glad of 
informaiio7i as to the date this person existed* 
— H. H., Leeds. 

/ s/iould be much obliged if one of your 
readers would tell me the best and mott a- 
peditious way of widening and polishing a 
jewel hole. — James Go ugh. 

IsJiould be glad if one of your subscriben 
would instruct me as to the metJiod of set^ 
out the duplex escapement correctly.—^' 
pbentice. 

Can you or any of your readers inform me ai 
what date " Beeg, London,'* lived. Thai wom 
appears on some very old watches. — D. Rbid- 



The Philadelphia Library claims posses* 
sion of the oldest clock in America ; it 
wants but a few years of being two centuries 
old. It was made in London, keeps good 
time, and is said to have been once owned bj 
Oliver Cromwell. 
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TREATISE ET MR. JAMES FERGUSON COLE. 



a Conncil meeting held on Taesday, 
il 2nd, an arrangement was concluded by 
ch Mr. James Ferguson Cole is to write 
the HoROLOGiCAL Journal a treatise on 
$hronism, for which the Oonncil have 
lei to pay Mr. Cole £100. Of this snm 
istingnished member of the Institute — 
Baroness Burdett Coutts — ^has oflfered to 
tribute £50. The remaining £50 the 
incil propose to raise by means of a 
Bcription among the members of the 
titute, and the trade generally^ feeling 
3 that there are a great number who will 
«m it a privilege to contribute in com- 
aent to Mr. Cole. Those who desire to 
e part in this subscription are requested 
:ommunicate, as early as possible, with the 
retary of the Institute, who will ac- 
>wledge the receipt of all sums in the 
oing number of the Journal. That the 
may not be of an exclusive nature, the 
incil wish to limit the amount of any 
I subscription to a guinea, 
from the long practical experience of 
. Cole a valuable and exhaustive work 
f be expected. We are enabled to 
teai a short programme, furnished by 
. Cole, of the head subjects of which he 
1 treat ; but although the first part of 
subject matter will be largely extracted 
m the manuscript papers intended by 
a for publication as a treatise on Horology 
ae years ago, as much is yet to be written, 
\ divisions or the order of them now 
en should not be taken as final. 

HEADS OF SUBJECTS. 

L. Introductory remarks relating to the 

[ects and purposes of the essay. 

2. Isochronism as relating to the balanoe- 

ing in instruments for mechanical time- 

jping. 



8. Description of various modes of apply- 
ing such springs. 

4. Elasticity as a property of certain 
metals and other bodies suitable for springs 
in connection with such instruments. 

5. Sonorous property of a metallic plate, 
held in the hand by a central wire, showing 
influence of heat in lowering its rate of 
vibration. 

6. Experimental trials on a completed 
chronometer, with timing results from springs 
of greatly varied length, and their respective 
isochronal properties. 

7. Effects of pivot-friction as causing 
variable extents of motion in the vibratory 
action of balances. 

8. Arguments relating to balance-springs 
when made from wire of any number (say 
10), the same 10-wire being drawn or 
rolled thinner than at first for showing the 
relative difference of effect when applied for 
experimental purposes. 

9. Results showing how a defect of equi- 
librium in the balance operates to produce 
errors of position, which, through false 
judging, may be mistaken for an error of 
Isochronism. 

10. Results of iocreased motive power as 
a means of correcting the loss of time in 
short arcs of the balance vibration, and thus 
proving how the motive force operates to 
diminish or correct an error of Isochronism 
as practically shown in a completed watch. 

11. On the influence of the regulator curb- 
pins as found to operate effectively for timing 
m long and short arcs of the balance vibra- 
tion. 

12. Definition of the centre of gyration in 
moving bodies, whether as relating to the 
chronometer balance, or to the pendulum of 
a standard clock. 

13. On the sonorous property of metallic 
springs, their vibratory tone being the only 
indication of a natural Isochronism in such 
springs. 

14. Mechanical influence of the balance- 
spring on the two semi-arcs of vibration, 
theoretically considered and practically cor- 
rected. 

15. Observations on the properties of 
balance-springs made from tapered wire, <&c.. 
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EAILWAT INSUEANCE CHASGES. 

A MEETING was held at the British 
Horological Institute on Friday, 2nd April, 
to select suitable cases of the injorious 
incidence of the Carriers Act upon the 
watch - making and jewellery trades to 
lay before the Select Committee of the 
House of Commons appointed to report 
upon the working of the Act ; Mr. John 
Jones, F.R.G.S. (Vice-President of the 
Institute), presided. 

The Chaibman said that a Committee of 
the House of Commons, having been ap- 
pointed to consider the Carriers Act, mainly 
through the exertions of the National 
Chamber of Trade, it was thought that as 
the Act pressed heavily upon their trade it 
would be well to co-operate with the 
Chamber by calling the present meeting to 
select prominent cases of injury, and to hear 
any suggestions that the trade might have to 
make. A question has been raised as to a 
rate of insurance that would be satisfactory 
to the trade, and it would be well to hear 
the opinion on that point. The Post Office, 
with adequate arrangements, only lost one 
registered letter out of 15,000,000 carried, 
and there was no doubt that, with proper 
supervision, a very small rate of insurance 
would indemnify the Railway Companies. 
Among the letters which the Secretary had 
received upon the subject was one from a 
member of the Institute in Derbyshire, to 
which he desired to call the attention of the 
meeting. He woald read the letter, and 
then it would be open for any one who had 
sustained any loss or obstruction in business 
through the provisions of the Carriers Act 
to give them their experience : — 

**My Dear Sir, — I am very pleased to 
see in this morning's Journalthskt a meeting 
will be held at the Institute to-morrow to 
consider the Carriers Act, and hope the 
united efforts now making will be successful 
in getting it amended. I wish it was con- 
vement for me to attend your meeting. I 
have been robbed more than my share by 
railways. During the last year I had one 
parcel stolen containing diamond rings 
value over £100, delivered by myself at 
Alfreton Station and signed for by the 
station-master ; it was missing before the 
train reached Trent, a distance of only ten 
miles. Not one penny compensation have I 
received for this. During the same time I 
had three smaller parcels stolen, value 
£23 15s.; these being under £10 each, 
after considerable delay, I have compelled 
them to pay for. A few years since I had a 
gold chronometer stolen, which cost me 



nearly £40, and several other small parcels ;. 
so I wish your meeting success with all my 
heart. — I am, dear Sir, yours iarnly, 

« D. BOWEN. 
'' Market Place, Alfreton. 
"April 1,1875." 

"P.S.— I have thought if the Railway 
Companies would register parcels upon the 
same principle as the Post Office the trans- 
mission would be perfectly safe, and if stolen 
the thief would be at once discovered. I 
have suggested this to Mr. AUport; he 
replied by saying that they had the subject 
under consideration, and hoped would satisfac- 
torily meet my case and all others similar.*' 

After a full discussion, the following resolu- 
tions were carried unanimously : — 

" That this meeting considers an universal 
rate of insurance for watches and jewellerj 
in transit, irrespective of distance, within 
the United Kingdom, is most desirable." 

''That in the opinion of this meeting a 
charge for insurance at the rate of Is. 6d. 
per £100 value would satisfy the trade." 

''That the following gentlemen be re- 
quested to give evidence before the Select 
Committee, if necessary — Mr. Bowen, Ifr. 
Glasgow, Mr. Jackson, Mr. Oram, and Hr. 
Pickering." 

The Secretary was directed to send a copy 
of the foregoing resolutions to the Secretajy 
of the National Chamber of Trade. 

The proceedings closed with a vote of 
thanks to the Chairman for presiding, 



The Select Committee appointed by the 
House of Commons to inquire into the 
operations of the Carriers Act (1830) met 
again, on Monday, March 12 ; Mr. Jackson 
in the chair. 

After Mr. Smith, of the firm of George 
Smith and Son, wholesale furriers, of Watling- 
street, London, had given evidence as to the 
losses which his firm had on several occasions 
sustained, owing to the operation of the exist- 
ing law as affecting carriage of goods, 

Mr. BoTHEBHAM was examined. He stated 
that he was a watchmaker at Coventry, where 
his firm has been established for a hundred 
years ; it was the largest firm in Coventry ; 
was a member of the Chamber of Commerce 
there ; was in the habit of sending watches 
and clocks to retail dealers in all parts of 
the country. Losses occasionally occurred 
in the trade ; those sustained in 1873 and 
1874 by witness's firm amountiog to upwards 
of £140, while those of the trade generallv 
were about £1,000 for the same period. 
The number of losses in the trade in 1873 
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was six parcels; in 1874 the number of 
parcels on which loss incurred was thirteen ; 
in April, 1873, witnesses firm lost a parcel 
valued £18 18s.; in December, 1873, they 
lost another parcel valued at £30 13s. ; and 
in April, 1874, they lost a parcel valued at 
£90 lis. The last-named parcel was a box 
containing twelve watches, which were sent 
on approval to a retail customer in Stafford- 
shire. He returned the watches to have his 
name put upon them, havin^: purchased 
them ; but when the box arrived at Coventry 
the railway company advised witness's firm 
that the box had been tampered with, the 
seals having been broken, and on opening 
it, it was found that the watches haa been 
stolen. In another case the box contained 
two stones instead of the watches ; and in 
the third, the box and its contents had 
altogether disappeared. Witness produced 
two letters which had been received from 
railway companies in reply to applications 
for compensation for losses. The first was 
from the office of the North-Westem Rail- 
way, and was dated the 1st of October, 1873. 
It declined to entertain the application, on 
the ground that the parcel was over £10 in 
value, and was not insured. The other was 
from the Midland Railway Company, and 
was dated the Ist April, 1875. It declined 
to entertain the claim made against the 
company on the same grounds as those stated 
in the letter previously read. Was aware that 
under the Act a carrier was not freed from his 
liability notwithstanding that a parcel might 
not have been insured if the goods were 
shown to be stolen by the carriers' servants. 
There had been cases in which the consignors 
bad entertained no doubt that the goods had 
been taken by servants of the railway com- 
pany, but it was not possible to get at the 
inside of the railway company's system, and 
it was useless to proceed, except on the fullest 
and surest information. Witness thought 
that the clause only making the companies 
liable in case of theft by their own servants, 
was not a sound one in principle, although 
he would not say that the companies did not 
do their best to get evidence of how the loss 
occorred. Witness's firm had insured with 
Lloyds since the last loss they had sustained, 
and they did not, therefore, insure any goods 
sent by the railway companies. The terms 
asked by the railway companies were so high 
that they were absolutely prohibitory. The 
railway companies were under no obligation 
to insure goods beyond that which they 
undertook by their advertisements. As it 
was, none of the companies would insure 
goods sent to Ireland. The railway com- 



panies charged 5s. percent, under 100 miles, 
and 6s. per cent, between 100 and 150 miles. 
There was a good deal of business carried on 
by the railway companies between Birmine:- 
ham and Coventry, the distance between the 
two places being only 17 miles. A single 
parcel sent from Coventry to Birmingham 
valued at £100 would be charged 53. for in- 
surance, and if it were sent on approval and 
were returned the charge would be lis. for 
insurance and carriage, whereas, on the other 
hand, a clerk or porter would be able 
to take the parcel to Birmingham and 
to return to Coventry for 3s. 2d. The charge 
for insurance by Lloyds in the same case 
would only be Is. The claim by the railway 
companies to examine every package before 
insuring it would interfere very injuriously 
with business, and in most cases would be 
prohibitory. Witness produced four of Lloyds' 
policies, taken out by his firm during the 
present year. They wete for £4,000 each, 
and covered every risk of loss, damage, de- 
struction by fire, &c., both on the railway 
and in the streets. Witness's firm took out 
the policies at the rate of £4,000 a time, 
and every evening they advised Lloyds of 
the valae of the parcels sent that day, when 
they were written off, and the process was 
repeated till the policy was exhausted, when 
a new one was obtained. Parcels of less 
than £10 value were not insured, because 
the railway company were liable for them. 
Had never had occasion to make any claim 
against Lloyds for loss. The practice of 
insuring with Lloyds was steadily increasing, 
as the terms and nature of the insurance 
were becoming better known. Their risk 
was greater than that of the railway com- 
panies, as they had no control over the 
transit, and the insurance covered all dis- 
tances between places in Great Britain and 
Ireland. Witness's firm employed a broker 
in London to effect their insurances, and 
they paid him Gd. per cent, commission. 
There was every reason to believe that the 
whole charge would be reduced before long, 
inasmuch as the business was becoming a 
very lucrative one. The remedy he would 
suggest for the present system was that each 
consignor should declare the value of the 
goods sent by him over the sum that might 
be fixed, and that a small ad valorem rate of 
insurance should be charged. A rate of 5d. 
per cent, would, he was sure, be generally 
accepted and adopted, and, this being the 
case, he believed the railway companies 
would make a large profit. 

Mr. Deakin, of the firm of Deakin and 
Moore, of Birmingham, wholesale jewellers 
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and jewellery mercliante, was also exammed. 
He stated that the buBiitees of the firm was 
principally ia gold an<J silver, and was mostly 
confined to England and Scotland. Ha re- 
presented thft Tiews of the trade in Birming- 
tinm. The trade was one which was exposed 
to more than nsual risks as to loss and with 
regard to fraud. They wanted their goads 
carried at a fair and a safe rate of iosnrance, 
and when they could insure for Is. per cent, 
with Lloyds they could not see why they 
should pay Ss. per cent, to the railway com- 
panies. If Lloyds could make a proGt oat 
of Is. per cent., the companies ong'^t to make 
a. profit ont of 6iJ. per cent. Had tiiere been 
such a rate on the part of the companies, 
witness's firm would have adopted it. He 
thought the charge should be, as in Lloyds' 
case, irreBpective of distance. Witness had 
had no loss for twenty-five years, so that 
practically safety conld be insured. 

The Committee also sat on Monday, IDth 
nit., but confined themselves to the eiami- 
nation of witnesses not uonnected with the 
trades we represent. 

On Monday, 26th, the first witness ex. 
amined was Mr. James Slater, of the firm of 
Martin, Hall, and Company, bf Bouverie 
Street, London, and Sheffield, mannfacturers 
of electro-plate. His firm were not in the 
habit of insuring with the Railway Com- 
panies ; he considered the rates prohibitive. 
In some instances silver goods woald make 
four journeys between London and Sheffield 
in course of manufacture, involving four iu- 
Burances; in his opinion 5d., or even 3d., 
per £100 in value would be a sufficient 
rale of insurance, and would induce maDU- 
factnrers to insure ; but he cousidered the 
liabilities of the Railway Companies, in the 
absence of insurance, shoald be raised from 
£10 to £20. 

Mr. Deaoe, a member of the firm of 
BuUer and Hutchinson, manufacturing 
jewellers, of Bartiett's Buildings, said that 
since October, 1873, they had invariably in- 
sured parcels over £10 in value at Lloyds, 
■ Before the date mentioned they preferred 
mnuing the risk of loss to insuring with the 
Eailway Companies. Since insuring with 
Lloyds they had taken out three policies of 
£1,000 each, and had not occasion to make 
any claim for loss. They also sent or re- 
ceived BB many as G,000 or 7,000 valuable 
mrcels through the post as registered letters. 
He thought the Railway Companies should 
be expected to charge a less rate than 
Lloyds, as the Railwuy Company had every 
control over the parcels, which Lloyds had 
not ; ad. per £100 in Taliie, he coosidered, 



would be a fair rate. The liability of thfr 
Company might be limited to, say, £4,000 or 
£5,000 in the case of any one parcel. 

Mr, David Glasgow, watch mannfactnrer, 
of Myddelton Square, hod been deputed, by 
a meeting of the watch trade in Clerkenwell, 
to represent to the Committee the oppressive 
incidence of the Carriers Act upon the watch 
manufacturers of Clerkeowell. He bad fonnd 
the high rates of insurance obstructive to 
busiuess, and cited a recent instance where a 
customer had requested four or five costly 
watches to be sent for approval to Man- 
chester J the witness refused to riak the 
goods uninsured, and found the iosorauce 
for the double journey prohibitive. He 
thought a low rate of insurance would induce 
manufacturers to insure. 



IKTEEESTING EXHIBITS AT THE 
EOYAL SOCIETT SOIREE. 
At the Annual soirie of the President of the 
Royal Society, recently held at Barliugton 
House, was shown in one of the rooms on 
the ground-floor the original machine con- 
structed by Heathcote, in 1808, which had 
the effect of reducing the price of bobbin-net 
lace from five guineas a yard to fivepence ; 
aprojyos of which a quotation from Lord 
Bacon was given on the card — " For upon 
every invention of value we erect a statue t« 
the inventor, and give him a liberal and 
honourable reward." In this room two of the 
prettiest and moat iustroctive experiment* 
were shown by Professor Barrett — namely, 
the lengthening of a bar of soft iron within a 
helix of wire by heat ; the other, the remark- 
able and anomalous changes which take 
place in the healing and coolingof iron wire. 
TbuB, whilst the iron is first heating there is 
a sudden contraction or cooling. And so 
a^ain, when the heat is cut oS", the wire cools 
a little and then suddenly reheats and glows, 
afterwards quietly passing down to a black- 
ness. Now, the notable points of these jerks 
or changes are that the iron in the first 
instance loses its magnetism, and in the Ust 
jerk or oscillation regains it. 

In the second room some simple delicate 
radiometers were shown by Mr, Crookes. 
These consisted of a glus stem BnpportJng » 
little fonr-bladed windmill, carrying fonr 
discs, one on each end of the fonr slenSer 
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glasem^B. These work borizontally , 8Qpport»d 
hy a Bteel point on a small topaz, and the 
radiation of light from a common candle at 
some distance away BiilBceB to make them 
rotate with great liveliness in vactio in a 
small glass globe. 

In the fom'th room was a working model 
«f Bir David Salomons' system of automatic 
railway signalling. Each engine is utipposed 
to carry a battery and electric bell, and 
beneath it two metal wheels insnlated from 
each other, and pressing down on a signal 

line of small rails laid on the centre of the 
eleepcrs. These central signal lines are 
double, and are laid in " block " lengths, one 
being a front signal line, the other a back 
signal line. On arriving at the termination 
of one block and the commencement of the 
next, one wheel will roll on the front signal 
line, while the other will roll on the back 
signal line, but at other places the left- 
faand wheel will be free. Kow one wire of 
the battery and one from the bell are 
taken to earth by being simply attached to 
the engine, the current passing throngh the 
ordinary rails of the permanent way. If, 
then, whilst a train was on one of the 
"blocks" another train came on the same 
block, the bell on the engine of the follow- 
ing train would ring — a tiafficient warning 
to stop and avoid danger. Side by side with 
the above was a fine induction coil by Mr. 
Apps, giving a spark of 21 inches, and a 
remarkably beantifal Gassiot electrical cas- 
cade. In this room was a fine polariscope 
with revolving doable-image analyser, for 
showing all the phases of the polarisation at 
once in one field of view. One of these 
spots as seen through the instrument is 
«ither white or the complementary colom" of 
the inner one, and as the rapidity of rotation 
is made to increase, the inner assumes the 
form of a white spot, having ronnd it a 
ring compounded of several segments, each 
of which is a rainbow ribbon. The instrc- 
nent was made for Dr. Spottiawoode by 
MesETS Tisley and Spiller. 

In the principal library was a superb 
<]ouble-train spectroscope, belonging to the 
noble telescope made for Mr. Frank MacTiCan 
by Mr, John Browning, and in which the 
pretty noveltjr was noticeable of having the 



micrometer wires illuminated. There was 
in this room also a case of curioaitiea, which 
attracted much notice, which was the original 
memorial preseated by the President and 
Council of the Royal Society to George III,, 
praying that an expedition might be sent 
out to observe the Transit of Venus in 
1769. This interesting document bore the 
signatures of the Earl of Morton, Nevil Mas- 
kelyne, Benjamin Franklin, and many other 
notabilities of that time. There were also 
in it the log-books of Captain Cook in his 
voyage round the world in the Endeavour — 
when the transit of Venus was observed at 
Tahiti, in 1766 ; of Captain Lutwidge, in his 
voyage of discovery towards the North Pole 
in the Carcass ; and of Lieutenant Franklin 
in the brig Trent, in 181S. Mr. Ladd ex- 
hibited a small and very delicate thermo- 
electric apparatus invented by Dr. Lombard 
for the detection of the scats of disease in 
medical examinations of the human body. 
Applied to any suspected part the rise or fall 
of temperature is indicative of the portions 
or parts affected. On the table beside the 
model of the fine telegraph ship Faraday, 
Mr. Siemens exhibited some large fragments 
of rock which had been dredged up 1 400 
fathoms from the ocean depths in the laying 
of ihe United States cable. Two of these, 
of mica-schists, were of interest as being the 
droppings of icebergs in long. 4-1° 20' 
W, and lat. 48° 53' N, and the third 
was a mass of basalt dredged up from 
2360 fathoms, in long. 24° 24' and 
lat. 50° 31' N, much nearer the Irish 
coast, and beyond the range of icebergs, 
being apparently pulled off a columnar 
mass in silu. Sir Wm. Thomson's tide-cal- 
culating machines bore the palm of the 
whole exhibition. By means of one obser- 
vation, the rise and fall of the tides is 
made daily from the shore, and the facts so 
accumulated arc the constants, and form tha 
basis for setting the second or calculating 
machine, in which a continuous wire passes- 
over a series of wheels placed at various 
distances, the result being that of harmonic 
motion of different periods and epochs by 
which the year's facts can be ground oat by 
turning a handwheel, and recorded on the 
paper- carrying drum . 

In one of the raeetiug-rooms on the gronnd- 
floor, Mr. Warren de la Rue showed some 
very pretty luminous effects of electric dilVa- 
sion under the inflnences of increased at- 
mospheric pressures. 
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TOUGHENED GUSS. 

Although the manafactnre of glass has been 
carried on for abont 2,000 years, it does not 
appear that any attempts to OYercome its 
inherent brittleness and liability to fractnre, 
and at the same time to preserve its trans- 
parency, have proved snccessfnl — if, indeed, 
they have ever been made, which is donbtfal. 
It is trne that the French philosopher 
B^anmnr many years since hardened glass 
'somewhat by exposing it to a high tempera- 
ture for a consiaerable time. Bat this pro- 
cess, which is technically termed devitrifica- 
tion, while it hardens, at the same time 
crystallises the glass and renders it opaqne, 
the prodact being known as B^aamur*s 
porcelain. Seven years since, however, M. 
Frangois de la Bastie, a French engineer, 
after long and patient investigation into the 
subject, discovered a simple means of render- 
ing glass practically nnorittle, and at the 
same time of preserving its transparency. 
There were many delicate conditions involved 
in the process by which he obtained this 
result, his success being achieved much in 
the same way as was Pallissy's, but on 
endeavouring to repeat the successful experi- 
ment he failed signally. For two years more 
M. de la Bastie, who possesses ample means, 
strove without avail to rediscover the secret 
of his success. At length, however, he suc- 
ceeded in so doing, and has since been 
engaged in perfecting his invention and in 
developing a laboratory experiment into 
practical working. The process of conver- 
sion in the main is a very simple one, so 
simple that it seems singular it was never 
thought of before. Brosdly stated, it con- 
sists in heating the glass to a certain tem- 
perature and plunging it while hot into a 
bath consisting of a heated oleaginous com- 
pound. There are, however, many conditions 
m connection with the details of the process 
upon which a satisfactory result depends, and 
the negect of any, even in a slight degree, 
constitutes the difference between success 
and failure. Thus, the glass may be under- 
heated, and will not be susceptible to the 
effect of the bath, or it may be overheated 
and it will then lose its shape, or, again, it 
may be rightly heated and yet be spoilt in 
the course of transference to the bath. More- 
over, the oleaginous constituents of the bath 
and their temperature have an important 
bearing upon the ultimate result. These and 
numerous other points of detail have all been 
satisfactorily settled by M. de la Bastie, 
who has designed furnaces and baths 
by means of which his toughening process can 



be carried out practically without fear of 
mischance. The time occupied in the actual 
process of tempering is merely nominal, for 
directly the articles are brought to the 
required temperature they are plunged into 
the bath and instantly withdrawn. The 
cost of tempering, too, is stated to be very 
small. 

We have observed that M. de la Bastie 
went through a long course of experimental 
research before he attained snccess. He 
first worked, as an engineer naturally would, 
upon mechanical principles. Knowing that 
the fragility of glass results from the weak- 
ness of the cohesion of its molecnles, he not 
unreasonably expected that, by forcing those 
molecules more closely together, and thus 
rendering the mass more compact, the 
strength and solidity of the material would 
be increased. But this doctrine, which holds 
good with iron and steel, as Sir Joseph 
Whitworth has practically demonstrated, 
does not apply to glass ; compression failing 
to toughen it, even if applied to it when in 
a fluid or soft condition. Bj applying heat, 
however, which is only force in another form, 
the desired end is attained, and the physical 
properties of the material become altered in 
a very remarkable manner. To this singular 
fact we can testify from the inspection of a 
number of toughened glass articles at the 
offices of Messrs. Abel Bey and Brothers, 
29, Mincing Lane, the representatives of M. 
de la Bastie in England. In these articles, 
which consisted of watch-glasses, plates, 
dishes, and sheet-glass, both coloured and 
plain, neither transparency nor colour is 
affected at all, and the ring or sound only 
slightly. These articles, some of them being 
exceedingly thin, were thrown indiscrimi- 
nately across a room against a wall and fell 
spinning on the deal floor. Water was 
boiled in a saucer over a fire and the saucer 
was quickly removed to a comparatively cold 
place, and was unaffected by the sudden 
change of temperature. One comer of a 
piece of glass was held by the hand in a gas 
flame until the comer became exceedingly 
hot, but the heat was not communicated to 
the other portion of the glass, neither was it 
cracked from unequal expansion. A com- 
parative experiment was then made with a 
piece of ordinary plate-glass, and a similar 
piece of toughened glass, in order to show 
their respective powers of resistance to 
fracture from the force of impact by a fallinflr 
weight. In each case the glass was about 6 
inches square, and was placed in a frame, the 
weight being dropped upon its centre, yfith 
the ordinary glass, a 2-oz. braaa weight falling 
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from a height of 12 and 16 inches ra- 
rely did no damage, but at 24 inches 
!aB8 was broken into eeveral frafrmenta. 
a thinner piece of toughened glass no 
ssion was made bj the same weight, 
5 from heights ranging from 2 to 10 
the weight simply rebounding from off 
lass. An S-oz. iron weight tried at 2 

feet respectively gave siniiliar rcsulta. 
the height being increased to (J feet, 
rtr, the glass broke. Bat here another 
lar resalt waa produced : instead of 
iag into about a dozen pieces, as did the 
Kj glass, it was literally smnshed to 
I. The largest fragments measared 

half an inch in length and breadth, 
hese were easily reduced by the fingers 
ms varying in size from that of a pin's 
bo that of a large pia'e head. The lines of 
ires in the fra^menta presented to the 
le appearance of irregular lace-work, and 
lioes were, moreover, apparent to the 
, bnt more palpably so one side of the 
than the other. Which of the two sides 
leonethat received the first impact of the 
wewercnotabletodctcrmiQe. Another 
arity is that the edges of the fractures 
y no means so sharp, and therefore 
le of causing incised wounds, as are 
of ordinary glass. It would seem that 
oughened glass possesses enormous 
ve power, but that if the eqnilibriam 

mass is distarbed at any one point the 
bance or disintegration instantly ex- 
throughoat the whole piece, the atoms 
iger poasessiog the power of cohesion. 
the practical natare of M. do la Bastie'a 
e discovery there can be no qaestion 
Ter, nor can there be any doubt of its 
in the arts, sciences, and manufactures. 
pplications which suggest themselves 
nnmerable, and above and beyond the 
nesB of the process with regard to 
« of domestic use come important con- 
tions affecting the applied sciences, 
iliy in connection with chemical manu- 
ka and similar industries. For the 
t there remains one purpose to 

tonghened glass cannot be so easily 
3, and that is to window glazing in odd 
ioasmach as it cannot be cut by a 
ad or other ordinary means. The 
can, however, be cut to the proper 
efore toughening, if desirable. It is 
' engraved, either by Suoric acid in 
[ial way, or by Mr. Tilghman's elegant 
oat process. It can be easily polished, 

can also be cut by the wheel, as for 
work and the like. 

The Timet, 



HALL-MARKING OF JEWELLERY. 

The following notice has been issaed by 
the Society of Arts :— It having been brought 
to the knowledge of the Council of tha 
Society of Arts that what is teriued " Hall- 
marking" of jewellery and articles of gold 
and silver 19 inadequate to secure to the 
public that protection in the quality of 
the materials for which it is intended, and 
also fails to meet the requirements of the 
trade, they accepted the oiler of one of the 
members of the Society, Mr. Edwin W. 
Streeter, to place £25 at their disposal, to 
be awarded as a prize for an essay treating 
on the subject, with suggestions for an im- 
proved system. Seventeen essays were sent 
in for competition, bnt as none of them wore 
of a sufficiently comprehensive character to 
justify the committee in selecting any one 
for the prize, they recommended the Council, 
with the assent of Mr. Streeter, to renew 
the offer. Mr. Streeter having given hia 
assent to this course, the Council now renew 
the offer of the prize. It is suggested to 
competitors that tiie essays shoald treat 
on : — 

a. The history of hall-marking in this 
country, showing, with some degree of detail, 

b. The processes adopted and now ia use. 
e. The merits and demerits of the present 

system, and how iar it meets the wants of 
the public OQ the one hand, and satisfies the 
manufacturer ou the other. 

d. If any systems desirable, what should it 
be, and by whom and under what authority 
should' it be cai'ried out? 

e. The systems in use in foreign countries, 
and how far they meet the wants both of the 
public and the manafacturer. 

The esEaya must be sent in not later than 
the 1st of June, 1875, marked with a motto 
or cypher only, accompanied by a sealed 
letter, with the corresponding motto or 
cypher marked outside, giving within the 
name and address of the writer of the essay. 
The Council shall have the right of publish- 
ing the Prize Essay in the Journal, and they 
reserve the right of withholding the prize 
altogether, or of awarding a lesser sum, if 
the judges shall so recommend. 



The Postmasfer-Geseral has issned a 
notice to the effect that by the laws of 
Austria the sending of letters containing 
articles of value, liable to Custom's duty, is 
prohibited. Letters containing such articles 
addressed to persons in that country are 
liable to detention till the Custom's duty is 
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LBVER-BND TOOL. 
Is the hope that it ma.j he interesting to 
practical matchmakers, I b^ leave to ^Te a 
drawing and description of a tool in m; 
poeaeBBion which, I believe, is bnt little 
Icnown, and is naed for poliBhing lever enda. 
It is beddes well adapted for poliBhing the 
■ddes of fusee detent-springs, or in &ct any 
hollow or ronnd edge similar to ^e tail ends 
and forks of levers. The tool is a solid pioce 
of bnuB of the size represented. Fig. 1 is a 



the tool and the plate B, and A be raised so 
aa to correspond with the lever, bo as to 
enanre the ends when polished being at right 
angles to the Bides, or sqnare. The tool 
abonld be held in the r^ht hand, and the 
lever end be polished on a block of metal in 
the nsnal way. No pressore most be applied; 
the weight of the tool alone is enongh. 




front view. Fig. 2 shows the side marked 
A, and Fig. 3 the side marked B in Fig. 1. 
A is a piece of steel with a slit down the 
middle, as will be seen by Fig. 2. This slit 
allows it to be raised or lowered aa may be 
required to snit the corresponding surface. 
There is a eqnare nib, or steady-pin, to keep 
it in position, and a screw to tighten it when 
adjusted. G is also a piece of steel, secnred 
in the eame way, but instead of being rounded 
at the top it has a email hollow formed. It 
will be understood that A and G are not used 
together, but when one is brought into action 
the other can be slipped down out of the way. 
B (the other eitreraicy of the tool in Fig. 1) is 
a plate of brass, secured by two screws and a 
Bteady-pin. 

If it is desired to polish the round end of 
a lever, the lever should be secured between 




Fig. 2. Fig. 3. 

To polish the fork-end of the lever a 
strught arbor should be inserted in Qa 
tarns, the lever reversed, and G be bron^t 
into action (as in Fig. 2), and of course to 
such a height aa will correspond with the 
lever fork. The tool should be held peipea- 
dicnlarly above the arbor, and moved slightl; 
along it. The beanty of the tool is that il 
polishes quickly, and perfectly square. 

As I have before stated, the tool is also 
nsed for polishing fusee detent-springs, but i 
small extra contrivance is necessary to gsin 
this object. It is shown in FigB. 3 andi 




Fig. 4. 
The spring is &stened along the top of a 
semicircular piece of steel by a screw, uA 
kept in position by a steady-pin. Both soe* 
and steady-pin are shown in F^g. 1. 

H.MYEBS. 
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HE CLOCKMAKERS* COMPANY. 

he Tmes* report of a dinner given bj 
knreming body of the Olockmakers' Com- 
to a select company at the London 
en, the following occnrs: *'It is not, 
ipSy generally known that the Olock- 
nf Company has a name and history 
ding over the long period of nearly two 
ries and a half ; a charter having been 
ol to it in Angost, 1631, in the seventh 
of the reign of Charles I. It was not, 
rer,. until 1766 that the gaild attamed 
to<iff ofwhat is called, in civic nomen- 
m, a livery company. In these later 
^ however, or perhaps as the members 
Kdvas wonld say, in these ' degenerate 
f although the Company does not at 
DJt exeioise any control over the trade, 
intains, nevertheless, an active connec- 
wiOi it, and exerts itself as far as its 
n extend in promoting the interests of 
lock and watch making industries. It 
ngnreover, founded a library, containing 
may be regarded as rather an unique col- 
m, of works upon the theory and practice 
t)ck and watch making and horology in 
"al. It has also added to that a museum, 
rating the progress of the art of watch- 
ng from its commencement, and con- 
ig many uniqae specimens. These 
recently been deposited in the new 
Library and Museum of the Corporation 
e City of London, at Guildhall, where 
are greatly admired. A nucleus has 
}een formed for a collection of portraits 
mnent men connected with the art, 
1 the guild hope will be the means of 
cting further donations." "We are cer- 
f at a loss to know of what the 
ive connection" at present existing 
3en the Clockmakerd* Company and the 
I consists, or what the Company has 
for at least a generation in " promoting 
iterests of the clock and watch making 
stries." It has, as the report truly says, 
Bited the unique specimens showing the 
ress of the art of watchmaking, of which 
d the custody, in the Free Library at 
Ihall; but this act was regarded by 
r as severing the last link that bound 
Company to the trade. However, as- 
ng the report to be given with autho- 
we shall be the first to express our 
ration and gratitude upon observing the 
test sign of this ''active connection" 
the clock and watch making industries. 



PHILADELPHIA EXHIBITION. 

Heb Majesty's Government having ac- 
cepted the invitation of the President of the 
United States to take part in the Inter- 
national Exhibition, to be held at Phila- 
delphia in 1876, have placed the British 
Section under the Lords of the Committee of 
Council on Education, and the Lord Presi- 
dent of the Council has appointed Mr. Philip 
Cunliffe Owen, C.6., Executive Commis* 
sioner. While the Executive will do all in 
its power generally to assist and advise 
British exhibitors, it will be understood by 
exhibitors that, in accordance with the prece- 
dents of previous International Exhibitions, 
they or their agents must be responsible for 
the {MU^ing, forwarding, unpacking, and 
reception of their goods, as well as for their 
safety during the continuance of the Exhi- 
bition. The salient points of the general 
regulations affecting roreign exhibitors, and 
the special regulations governing the free 
importations of exhibits as determined by 
the Centennial Commission are, so far as at 
present decided, as follows :^The Exhibition 
will open at Philadelphia on the 10th May, 
and close on the 10th November, 1876. 
Before 1st May, 1875, the British Executive 
must state whether the space allotted is 
sufficient or deficient, and should therefore 
receive the demands from proposing ex- 
hibitors before 25th April, 1875. Before the 
1st December, 1875, the Executive must 
send in plans in detail showing individual 
allotment, with all catalogue information. 
There will be no charge for space. No 
charge will be made for a limited quantity of 
steam and water power. The quantity to be 
arranged at time of the allotment of space, 
and anj excess of power to be applied for at 
same time, and to be furnished by the Cen- 
tennial Commission at a fixed rate. Goods 
for exhibition are to be considered as bonded 
and exempt from Custom's duties. The usual 
noxious and explosive substances are pro- 
hibited. Exhibitors or their agents are 
responsible for the packing, forwarding, re- 
ceiving, and unpackmg of their goods, at 
both the opening and the close of the Exhi- 
bition. The owner, agent, or consignee must 
be present to receive goods. Reception of 
exhibits will commence on 1 st January, 1876, 
and no articles will be admitted after 31st 
March, 1876. The installation of heavy 
objects requiring special foundations or ad- 
justment should, by special arrangement, 
begin as soon as progress of works will permit. 
Space assigned and not occupied on the 
Ist April, 187G, will revert to the director- 
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general forre-assignmeDt. All goods mast, 
under penal ties, be removed before Slst 
December, 187G. The objects exhibited will 
be protected against piracy of inventions or 
designs. Sketches, drawings, photographs, 
or other reproductions of articles exhibited, 
will only be allowed upon the joint assent 
of the exhibitor and director-general. The 
Centennial Commission will take precautions 
for the safe preservation of all objects in the 
Exhibition, but will not be liable. Facilities 
will be arranged by which exhibitors may 
favourably insure their goods. Special regu- 
lations will be issued concerning the ex- 
hibition of fine arts, the organisation of 
international juries, awards of prizes, and 
sales of special articles within the buildings, 
and other points not touched on in these 
preliminary instrnctions. 

Mr. Owen will proceed to America early 
in June, returning in the course of July, in 
order that he may become personally ac- 
quainted with all matters of local detail of 
interest to exhibitors. He will be accom- 
panied by Colonel Sandford, R.A., one of the 
official delegates appointed to assist in the 
Executive work, who will remain in Phila- 
delphia, representing the Executive until 
Mr. Owen is able to take up his residence 
there in the early days of 1876, in order to 
superintend the labours of the installation, 
and to render to the exhibitors in the British 
Section all needful assistance. 

Messrs. Cook and Son have been appointed 
Passenger Agents to the British Section, 
and will make, on behalf of the British 
Executive, the whole of the arrangements 
with the Atlantic steamers and railway com- 
panies for the conveyance of the exhibitors, 
their assistants, and workpeople, and also for 
the conveyance of the goods to be exhibited. 
— Society of Arts Journal. 



CLOCK & WATCH MAKERS* ASYLUM. 

A SPECIAL general meeting of the sub- 
scribers was held at the " Crown and Wool- 
pack," St. John Street Road, on Monday, 
19th April, in accordance with previous 
announcement; Mr. E. J. Thompson, Chair- 
man of the Committee, presided. 

In moving the adoption of the report and 
balance-sheet for the previous year, the 
Chairman said they had not been forgotten 
by departed friends, and, therefore, they had 
a substantial balance in hand arising from 
legacies. That was so far satisfactory, but 



he should have been glad if the balance had 
arisen from the subscriptions of the mem- 
bers of the trade. As the subscribers would 
have gathered from the report^ arrangements 
had been made to build two new houses, one 
for which the late Mr. T. A. Taylor had left 
a legacy to build and endow, and which 
would be called the *' Taylor Memorial 
House," and the other would be the result of 
the efforts of the '^ Workmens' Memorial 
House" Committee. He appealed to the 
subscribers to give the institution adequate 
support, now that trade was prosperous. 
Theirs was a charity, in the broadest sense 
of the term : their object was to save their 
aged members from the workhouse dole when 
they were in adversity, and provide them a 
home in one of the loveliest and most charm- 
ing spots around London. 

Mr. S. Jackson seconded the adoption of 
the report and balance-sheet, and took 
occasion, as a member of the Finance Com- 
mittee, to point out the fact that mon 
subscriptions were required — the more they 
built the larger would be the sum annnaUy 
required for expenses. 

After a few remarks from Mr. Spring, 
Mr. S. A. Brooks, in an eloquent and 
eulogistic speech, proposed that Mr. King, 
Mr. W. Clarke, of the firm of Clarke and 
Sons, and Mr. George Moore, be elected 
Vice-Presidents of the Institution. All these 
gentlemen had established a special claim to 
the gratitude of the subscribers by their 
devotion to the interests of the Institution. 

The resolution having been carried by 
acclamation, Mr. Christopher Rowlands was 
re-elected Treasurer, and Mr. Brooks, Mr. 
Holliday, and Mr. Thompson were re-elected 
members of the Committee of Management. 
The Chairman then invited nominations to 
fill three vacancies in the Committee, and in 
response, Mr. Baxter, of the firm of Grimshaw 
and Baxter, Mr. Hartshorn, jun., and Mr. 
Stevens were proposed and declared daly 
elected. 

The result of the ballot for the election of 
one male and one female inmate, which the 
Chairman then announced, had been awaited 
during the evening with considerable in* 
interest. Of the five candidates of whom we 
gave particulars last month, Mrs. Elizabeth 
Brittain and Mr. George Smith were elected 
by very large majorities. The prooeedmgs 
terminated with a few words of oongratnla- 
tion addressed to the auccessfol candidates 
by the Chairman. 
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CARILLONS. 
I.v Continental cities bells have been made 
■an eminent source of pleasare by mechanical 
means, apart from the mere Btriking of 
the hours and chiming of the quarters. 
Nor has this matter been unattended to 
in oor own country aud in this metro- 
polia — as witness the carillon of St. 
Clement Danes', in the Strand, to which 
belated passera-by must often have listened 
*ith satisfaction. But there is a fault here, 
as indeed in many other cases of tune-play- 
ing church clocks, in the machinery adopted 
for the purpose, which is simply inefficient. 
The defective performance ia due to the 
circnmstance that hitherto in all carillon 
niBchinery the tone-barrel has had to per- 
form the heavy work of. lifting the bell- 
hammers. Now, seeing that the hammera 
Tory yery considerably in size and weight, 
ft results that when a heavy hammer has to 
be raised, a much longer time is required 
than when a lifjht one has to be lifted. 
Hence, ihe jerky, irregular character of the 
taasic produced, which will be execnted 
rapidly with high, and slowly with low 
Dotes. Ii remained for Messrs. Gillett and 
Bland, of the steam clock factory, Croydon, 
to work out a marked and preciRC improve- 
ment tn this respect, and to iiitrodoce a 
■ystcni of carillon machinery, which wonld 
interpret a tune or piece of music coiToctly. 
To ctTect this it was necessary to re-model 
the Hyqtecn entirely, the main point being to 
relieve' the tune-barrel of the labour of 
lifting the bell-hammerB, which duty is now 
imposedupon a Beuondary piece of mechanism. 
The primary duly assigned to tho barrel is 
Lbat 0^ releasing a series of keys or detents, 
Brith which the studs in the barrel are made 
Lo engage as the barrel revolves. These 
keys act upon a series of levers, which are 
brought into contact with a cam-roller, and it 
is the cams and the levers together that effect 
the lifting of the hammera. This relieves 
the tone barrel of all strain, and the power 
of the cam arrangement insures regularity 
and precision at every stroke, whether on a 
large or a small hell. The motive power ia 
obtained by weights, and the time is regu- 
lated by vanes, which are capable of easy 
Bdjostment. Messrs. Gitlet and Bland's 
carillon apparatus has been adopted at 
Worcester Cathedral, St. Stephen's Church, 
Hwnmtead, the Town Halls of Rochdale 
and Bradford, and at other places. The 
most rec«nt example, however, is that at the 
parish church of St. Leonard's, Shoredlteh, 



which was opened at noon on Tuesday, and 
brought some excellent music out of the 
splendid peal of bells — one of the finest in 
London — which that church possesses. The 
machine is fixed in the chamber below the 
bells, and embodies all the most recent 
improvements by the moaufactnrers. The 
apparatus plays H tunes from two barrels, 
which have to be exclianged as each is 
played out. The arrangement of the tunes 
ia as follows: — No. 1 barrel: Sunday, 
" Easter Hymn ; " Monday, " Rose of Allan- 
dale;" Tuesday, "My Lodging ia on the 
Cold Ground;" Wednesday, "the Sicilian 
Mariner's Hymn;" Thursday, "Lass o' 
Gowrie ; " Friday, " Swiss Boy ; " Saturday, 
"The Mermaid." No. 2 barrel: Sunday, 
" Rockof Ages; "Monday, "Annie Laurie;" 
Tuesday, " Ring the Bell, Watchman ;" Wed- 
nesday, " Last Rose of Summer ;" Thursday, 
" Blue Bells of Scotland ; " Friday, " There's 
nae Luck about the Xloufe ; " Saturday, 
" Home, sweet Home." Tiieae tunes are 
plsyed on 12 bells, the tenor weighing about 
3i cwt., find the pea! ranging from CC to G. 
The carillon machine has 2i levers, two to 
each bell, in order to enable several notes in 
quick enccesston to be played upon the same 
bell when necessary, A tune will be played 
three timua over, every three hours, day and 
night, the change of tune being elfected at 
midnight by a self-acting shifting apparatus. 
By changing the barrels weekly a fresh tnne 
will be played every day for 14 days ; but 
any number of tunes can be played by 
having other barrels wiih seven tunes pricked 
on each. At the opening on Tuesday, 
each of the tnnea was played in Euccession 
with eicellent effect, and to the satisfaction 
of all interested, especially the crowd of 
parishioners ond others who had assembled 
within the prccints of the cliurch to listen 
to the performance. Most of the tones, 
especially the sacred ones, were given with 
precision; and if we notice the fact that in 
one or two cases a slight discrepancy was 
observable in the time, it is only to odd 
that such may, to aouie slight extent, he 
expected where a comparat'vcly heavy piece 
of mechanism is made the exponent of a 
delicately balanced melody. Messrs. Gillett 
and Eland, however, are to he complimented 
npon the great advance they have made in 
the direction of bell-playing, and the high 
degree of perfection to which they have 
brought their carillon machines. We may 
add that this firm are about to add two 
more bells to the peul at Worcester Cathe- 
dral, and to prick 21 fresh tunes. — The 
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ietto fa ijit (&iM. 

All Lett«n to be addNiMd to tlu Editor, at the 
Imtitute, 35, NorUumphm Square, B.O. 

DUPLEX ESCAPEMENT. 
Sis, — Forthe information of "Apprentice," 
wbo, IB the April nnmber of tbe Jowmal, 
«aks for the method of Betting out the 
Daplex Gecapement correctly, I have ex- 
tracted the foUowiag from M. Sannier's 
admirable work on EBcapements, which will, 
I believe, answer his pnrpoBe. 

YonrB, &.*., 

W. C. 



for the 10° lost ordinarily bj the rounding 
of the lips). 

The diuneter of the wheel being known, 
this quantity is enlarged 20, SO, 40 timea, 
&a., which makee a drawing of which evei; 
part in redocing it to tbe 20th, 30th, 40Ui, 
Ac, girea the tme proportions of the eae^p». 
meat. Ten miUim^tres mnltiplied b; the 
nnmber 30 gire 800 millirndtres, or 80 
centimetres, for the diameter of the wheel 
Boaght,and 150 milUmdtre8,orl5ceDtimdtn4 
for radins. 

Upon strong drawing-paper fixed upon ■ 
board placed for that porpoae, draw the line 
of centres, AG-, Fig. I. 'With an openhig of 
the compaaees equal to 15 cectirndtres, and 









TO DRAW THE ESCAPEMENT. 
In order to anderstand properly the effect 
of the moving of the parts of an eBcapemcot, 
and to find the exact proportions, one of the 
beat means constBts in drawing it larger first, 
and in every position. See how one ehall 
proceed to trace the drawing of a dnplex 
escapement, baring, by aappoeition, a wheel 
of 10 millimetres diameter and with 15 
teeth; — a roller of 2-7 mes.; alarge lifting of 
85°{ — a small lifting of 30" (making this 
lifting npon the drawing 40% in order to allow 



with point A fbr centre, trace tlie on of 
the wheel, or the arc of circle EEHI>- 
Every circmnference being of SGO", in dirid- 
ing this last nnmber by that of the taeth <i 
the wheel (15), the result gives the opoiog 
for the teeth of this wbeel (21'). 

By means of a protractor from a cue of 
mathematical instmmenta, make the ugl<> 
EAH of 24°, and in snch a way that the Um 
of centres divides it equally, making the 
angle EAO eqnal to the angle OAH. 

Tbe distance EH representing the inteml 
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from one point of a tooth to the following, 
diride this length (bj compass or protractor) 
in 6, 7) or 8 parts, according as the roller ia 
to be of 1-3, 2-7, or 1-4 meaanres. Here it 
is difided into 7 parts, as it is necesaar;, 
nnce the roller sought is to be of 2-7 



With an opening of the compasses em- 
brocing one of those parts, describe separate, 
npoD a piece of cardboard, for example, the 
size of the roller. Fig 2. 

TTpon the circle form the angle of 40", 
diriding it in the middle by the line X. 
Tbea est it round aboat, following the black 
line ; this roller is placed above Fig 1, between 
B and G, sliding it along, taking care that 
the line X corresponds exactly irith the 
line G A, nntil the two extremities of the 
Bogle a and c, of the angle a b c. Fig 2, 
having toncbed the circnmference of the 
wheel K £ H L. Then mark with a Gne 
[OD point, or the compass, the centre of the 
ndler B and the two points D and C corre- 
■ponding exactly to the two points a and c 
of tlte roller, which becomes nseless after it 



Viom centre B, Fig I, trace the ontline of 
the rcdkr, and draw the two lines B D U, 
B F. If it has been drawn with care, the 
angle U B F ought to be equal to 40*, and 
the oimimfbrence of the roller aa well aa the 
two linei B U, B F, ought to cnt the circnm- 
feience of the wheel at the same two points, 
DandO. 

Thzongh these pointa D and G draw from 
the centre of the wheel the lines A D, A C, 
the angle D A C shall be eqnal to the exact 
quantity through which the wheel moves 
during all the small lifting. The width of 
the roller notch occupies upon the drawing 
nearly 20° ; to look at it is enough to be con- 
vinced that it offers more than the required 
■nrety, without drawing it nearer to the 
centres of motion. This opening only ought 
to be carried to 30°, in the escapements of 
which the small lifting goes beyond 50°. 

There is now known the points of planting, 
or the centres of wheel and roller, the size of 
wheel, the size of roller, and the width of its 
DOtcb, the angle of small lifting, the angle or 
the difltaoce passed over by the wheel daring 
•II the small lifting; it remains todetermine, 



—the angle of large lifting, the length of 
the finger and its position, the size of small 
wheel and the position of its teeth, the 
positions which the long teeth of the wheel 
of repose shall occupy. 

The point of repose apon the roller is 
found at D, the line D A ^ves the place of 
the long teeth T. Draw the two linea 
A E, A L, forming with the line A D two 
angles of 21° each; as this number represents 
the opening between two teeth, the long 
teeth shall be placed npou these three lines, 
A K, A D, A L, they are traced later. 
The tooth of impulsion onght to occupy the 
centre between two points of the long teeth: 
draw the two lines A/ and A g, dividing in 
two equal parts the angles K A D, D A L. 
Hey ahall serve to determine later the 
position of two teeth of impulse, since these 
cannot be placed better than upon those two 
lines. 

From the centre of roller, trace the lines 
B M and B N, forming between them an 
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angle of 35° (large lifting), which angle the 
line of centres onght to divide into two equal 
parts, thus the angle ABM shall be of I7i*. 
The point V, where the two lines B H and 
Ag meet, give — let, the position of the im- 
pulse tooth ; 2nd, the length of finger ; and, 
3rd, size of small wheel. With an opening 
of oompass equal to B V, and from the centre 
of roller, trace the circle which fixes the 
length of finger QPV. With another opening 
of compass eqnal to A V, describe from point 
A, as centre, the size of the small wheel 
E8VT. 

Now ink in the long teeth, XYZ, then 
draw equally in the black lines the small 
teeth y and B. 

Measure the distance I J, that ia to say, 
the opening of the two lines DA and G A. 
This distance serves to fix the temoval of Y 
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from T, and B to S. Since it is this quantity 
which the wheel advances daring the small 
lifting, the two impulse teeth towards the 
end of this lifting are found in S and T; one 
is shown by the dotted lines 

Mark th3 point P, obserring to deduct 
from the arc S P a value of 10% then with 
an opening of compass equal to the arc S ' P V ' 
— that is to say, the arc of small lifting (40") 
— determine from the point P, taken as centre, 
the point Q, which gives the position of the 
finger at the beginning of the small lifting. 

The escapement is thus drawn in all its 
proportions. 

Actually, if this escapement is supposed 
working, it is seen that, during the repose at 
the point D, the fiager, accomplishes its 
vibrations dumb, shall pass in running past 
the tooth Y, then at the return this finger is 
found at Q, where begins small lifting, 
running over daring this small lifting of 40% 
the arc Q P, equal to 40". 

Daring this running over, the finger, 
moving quicker than the tooth B, shall pass 
before it with a little play for safety, and it 
is only when it shall have come to P that 
this shall be found at S. 

The point of the long tooth Y is found 
then at C, escaping from the roller, and the 
tooth of impulse S shall fall through 10* 
upon the finger represented by the dotted 
lines, and, pressing it forward the whole 
length of the arc P V, shall thus produce the 
large lifting, which is finished by the repose 
of the tooth X against the roller. 

Bemarks. 

The large lifting is only 25* in reality, 
since the 10" of fall are taken from the arc 
SPY, If it is wished that the action of the 
tooth upon the finger takes place daring an 
arc of 30", it is necessary to add to those 30" 
of lifting the 10" of fall, which shall make 
the angle N fi M 40", as in the small lifting. 

The fall itself is not altogether 10", the 
rounding of the notch angle makes it lose 
something. We have taken into account the 
difference, as it only complicates theoperation. 
It is easily seen that drawing it cannot give 
exactly neither the freedom nor the play 
for safety. These small quantities can only 
be determined by the trying of the escape- 
ment in the pitching tool. 



LEYEB E80APEMENT. 

Is a largn Bolkr-Pin an adi^anloffe in un- 
locking?— W. J. S. 

Sir, — Permit me to say a few words in 
answer to W. J. S., who is of opinion that a 
broad pin in the roller of a lever escape- 
ment overcomes locking resistances better 
than a narrow one. If the proportions of es- 
capements are the same with round flatted 
pins, the capability to overcome locking 
resistance is the same in either case — ^itis 
simply a question of leverage ; bat if W. J. 
S. means to imply that the broad triangnlar 
pin is more capable, he is mistaken, for it is 
not eqnal to the small round pin. The roQDd 
pin will fit the notch of the lever in every 
phase of its action, while the broad stone 
will fit only at the line of centres ; and when 
in the act of unlocking the wheel, and at the 
completion of impulse, there will be ezoess 
of shake in the notch, producing a mechanical 
defect not existing with the small pin, if 
with a triangular pin the lever be moved 
from the line of centres to the extent of 
the lifting angle of a pallet, as, when in 
action, it will be seen that there is a consider- 
able space the lever has to drop when the wheel 
is discharged. This is one of the constmctire 
errors the springer has to contend with. 

I remain, &c. 

J. L. TILLING. 
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DBUM TIMEPIECES. 

Sir,— In reply to " Plymouth," I beg to 
state that he is altogether mistaken in sap- 
sing that a drum-clock will ^ gain " with a 
ighter pendulum, as, by thinning the rod 
and turning the upper half of the ball into 
a conical shape, we actually lengthen the 
pendulum, that is, we lower the centre of 
gravity and also the centre of oscillation. 
I hope *' Plymouth " will understand from 
this that the weight of a pendalum most be 
in proportion to the " motive force " of the 
clock; for instanoc, a turret-clock may haie 
a seconds' pendulum of a hundredweight or 
more, whereas, a house-clock or regulator's 
pendulum weighs but a few pounds. For 
any further information on this subject I 
beg to refer " Plymouth " to Sir Edmund 
Beckett's Treatise on Clocks, &c. 

JOHN FEWTBELL. 
Birmingha&i. 
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THE COMPENSATION ERROR. 
Sir, — I am still perplexed over the ques- 
tion of the centre of gyration. If Mr. 
AVebster U right in stating that the times of 
tibration of balances are as tlie square roots 
of the distance of the centre of gyration from 
the axis, prorided we neglect frictioa and 
iilways keep to the same balance-spring in 
Ihe same condition — for that, I presume is 
what he means — all I can say is, I cannot 
And ont what law of motion will meet the 
Case. It does not a<jree with the furee of 
gravity acting on dilTcreat pendulnms, be- 
CansQ to double the time of vibration the 
Centre of oscillation must be removed to a 
ibnrfuld distance from the axis, and at this 
fbnrfold distance from the axis we may con- 
nive the raasa to be collected and gravity 
to act ; BO that this is quite a dilTercnt case to 
the same balance-spring always acting at the 
sttme distance from the axis. 

Neither does the statement agree with the 
I»w of motion of a rigid body about & fixed 
uis, for in this case the initial velocity 
would be proportionate to the moment of the 
force divided by the moment of inertia of the 
balance, and the final Telocity would be the 
aggregate of the snccessivc additions of 
Telocity by the spring. 

Perhaps Mr. Webster would not mind 
pointing ont in whose mechanics, and in 
what article, we can find the law treated on 
ia the way he state?, and also oblige by 
giTiag the name of the publisher. 
Ees{>ectrally yonrs, 

JOHN MACKEN. 
IS, Clarence Street. 



Sib,— In the Table of Mean Daily Eates 
of chronometer No. 3148, pnbliehed in your 
April number, there is a typographical 
trror of considerable importance. In the 
oolnmn " mean daily variation for one degree 
of temperature," and line September 10 to 
17, the figures 26 3 should be GS-2.—1 am, 
Ac, E. WEBSTER. 



Sir, — While we must all concur iuMr. Glas- 
gow's remarks respecting the varying power 
of s balance-spring in different temperatures, 
■I distinct from the force of gravity which ia 
DDiform, this is not Rofiieient to account 
for the irregularity known as the "secondary 
error." Neither docs Mr. Immisch's theory 
of *nmtrifiigal Sorco oSur us a fatisfuctory 



explanation. A simple experiment will con- 
vince any one of this. A chronometer balance 
that has been rejected on account of some 
imperfection, before ii has been ail open, will 
answer the purpose, and save the spoiling of 
a good one. Being provided with such a 
balance, drill two holes on opposite sides of 
the rim, where the compensation weights are 
UEoally placed, and, having tapped them, fit 
two heavy-headed screws,* with the heads 
inside of the rim, and apply the balance to a 
chronometer. 

Having got it to time, with the screw, 
heads pretty close home to the rim of the 
balance, keep the chronoraeter iu an even 
temperature, and give the screws one turn 
each 2 i hours, carefully noting the variations 
in time, and it will be found that the nearer 
they approach the centre of the balance, the 
greater the secondary error will become ; 
that is to say, each alteration of the screws 
will cause a less variation in the rate than 
the preceding one. Now in this case the 
error cannot be accounted for by the altered 
strength of the balance-spring, for the 
chronomeler is kept in an even temperature j 
neither can it by centrifugal force, for the 
balance is not cat open. 

Before the introduction of the pendulum, 
clocks were provided with a balance, that is to 
say, a horizontal bar equally poised on a 
vertical axis, the same as De Wick's clock is 
represented with. These balance clocks were 
regulated by means of weights that were 
screwed on to the extremities of the arms. 
The action of these weights would be to in- 
crease or diminish the moment of'inertia 
according as they were moved nearer the 
centre or further away from it. I hoped to 
have been able to give the resnlt of an ex- 
periment with a balance of this construction, 
but have not been able to spare the necessary 
time. In theorising about mechanical actions 
we are, perhaps, too apt to lose sight of the 
disturbing infiuencee we meet with in practice. 
The weights are but a part of the entire 
weight of the balance : while they move, a 
large portion of the balance remains uni- 
formly the same. It is not possible for the 
weights to be attached to a balance without 
any specific gravity, but the simple De 
Wick balance cornea the nearest lo this 
condition. 

Tonra obediently, 
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Sib, — I cannot accept Mr. Webster's con- 
clnsion that the time of yibration in a 
pendolnm is in direct proportion to the 
amount of gravity's force. 

This appears to me to be in direct contra- 
diction to the axiom that the velocity of a 
moving body yaries as the square root of its 
impelling power. 

There is an obrions printer's error in the 
equations in my former letter at the foot of 
page 97y for which I am not responsible ; but 
to remove any misapprehension that may 
exist, I may as well re-state them as they 
should have been. 

With the force of gravity decreased from 
10to9: 



.i(39-15» X 9 

1/ = 37-15. 

' 10. 
And assuming the force of gravity to be 
increased to 11 : 



/ 



(3915 «) X 11 
10. 



= 41-06. 



I have no desire to occupy your space with 
a controversy that can neither interest nor 
instruct your readers, or I would answer 
separately each paragraph of Mr. Web ster's 
letter. 

Mr. Webster lent the weight of his author- 
ity to a theory of the errors of the compensa- 
tion-balance, which I believe to be erroneous, 
and on that theory he suggested a remedy 
which I know to be impracticable ; that is 
the position I have taken up, and I cannot 
see that Mr. Webster's last letter has 
weakened my position or strengthened his 
own. 

Yours, &c., 

D. GLASGOW. 



We have received from Mr. Cohen a letter 
calling attention to the difficulty of readily 
obtaining the correct time in passing along 
the streets of London, and suggesting the 
more general adoption by watchmakers who 
have regulators or other time-pieces facing 
the street, a push-piece, or other convenient 
arrangement of setting the timekeeper to 
mean time every day. Mr. Cohen truly 
remarks that ^ood watches are often mis- 
trusted through the unreliable standard of 
time exhibited. 

In Sir John Soane's Museum, Lincoln's 
Inn Fields, is a thick silver watch, which 
was formerly in the possession of Sir Chris- 
topher Wren, who died in 1723. 



/ shall b» much ohliged if any of your 
readers tcill give me a descrrplian as to hour 
Ihe connection is made in the great and ratchet 
wheels and barrel in the maintaining pmcer (f 
clocks. What is the position of the connoting 
spring^ and what strength should it be for a 
going weight ofiO lbs, ? — R. L. 

Having lately came into possession of a verif 
fine old long-case chime clock, with the name of 
John Kay^ London, on it, I shall be very^ 
glad if any of your readers can tell me the 
date of his residence in London^ and any 
other particulars respecting him. — R. L. 

In ansioer to James GtouaH, who asks for 
the best and most expeditious way of widen* 
ing and polishing a jewel hole ; the method I 
adopt is as follows : — The hole is chucked m 
the lathewithcement. A spirit-lamp beingplaeed 
underneath to prevent the cement hardenia^, 
a pointed bit is held against the hole and i$ 
lathe kept running until the hole is irue^ when 
the lamp is, of course, removed. The broach te 
widen the hole should be made of capper, of the 
size and shape required^ and the point after 
being oiled should be rolled in diamonddusi 
until it is entirely covered. The dianumd-diut 
should then be beaten in with a burnisher, 
using very light blows so as not to bruise the 
broach. After the hole is widened as desired, 
it requires polishing with a broach made of 
ivory and used with oil and the finest dianumd- 
dust, loose {not driven into ^ broach). — ^H. B. 

P. DuAYTON. — De Vick's clock was fixed 
in the tower of the palace of Charles V., atwut 
1364. A full description was given in Vol 
I. of the Journal. // is too long to reprodim. 

Apprentioe, who asks concerning the eaku- 
lation of Watch and Chronometer trams, should 
make his inquiry more epecific. Does h 
desire a rule fbr calculating generally, or the 
number of teeth in the wheels requisite for some 
particular number of vibrations f 

J. B., who asks if the balance of advanbgi 
lies with equi-distant lockings or drculer 
pallets, should read Mr. Oole*s Lectures and 
Discussions, published in Vol. I. of the 
Journal. Each kind contains an advantage 
and a defect^ and either answers weU^ when 
properly made. — R. Foulqer. 

We desire to direct the attention of oar 
readers, particularly those who are engaged 
in watch case or dial engraviuff, to Uie pro- 
gramme issued by the GoldsmiuiB' Compaoyi 
which is published in foil on the cover of 
this number. 
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!Paper read before the Members, May 19th, 1875, by Richard Whittaeer, 8, Eton Grove^ 
Ihicre Parky Blackheatb^ London ; Mr. John Jones, F.R.G.S. (YicePreBident), presiding. 



•* The object of the present paper is to ex- 

Elain certain patented impro?ements in key- 
we going-barrel watches. 
" !• The watch winds up in the usual way, 
by turning the button or knob on the pen- 
*dant forward, as shown in Fig. 1. 

•* 2. The setting of the hands (see Fig. 2) is 
accomplished by pulling out the knob, but 
before you can pull it out, you must unlock 
it. It is unlocked by turning the button 
t>ack about half a turn, and at the same time 
applying considerable tension ; then the 
intermcKiiate wheel B will leave the barrel 
wheel G, and enter the minute wheel, and 
by keeping a slight tension, the operator 
may then set the hands as desired ; turn the 
knob forward, the hands will move forward, 
■turn it back, and the hands will move back- 
Nvard. Immediately you leave hold of the 
knob, the intermediate wheel B fljs out of 
the minute wheel and assumes the position 
as shown in Fig. 1 ; the knob is then held or 
locked down, and the wheel B cannot come 
in contact with the minute wheel, except by 
repeating the operation of turning back and 
polling out the button simultaneously. If 
the operator wishes to set the hands several 
boors, say 11 hours or more, and he finds the 
continoed tension inconvenient, he may place 
his finger or thumb nail in the groove G, 
Fig. 2, turned in the pendant, and then set 
the hiuids backward or forward as much as he 
pleases. On leaving hold the self-locking 
will be performed as before. 

•* The locking is simply caused by the three 
wheels, ABO, being planted in a straight 
line^ instead of planting them in a triangle, 
aa[in mechanisms in use, and is not a com- 
blicated arrangement of springs, bars, and 
bolts, as the word locking sometimes imports, 
hence yoo see the object of turning the 
botton back ; this causes the intermediate 
wheel to traverse the periphery or circum- 
fsrence of the wheel A, and free it from, or 
leave the gearing of the wheel 0. In other 
words, the locking is the gearing of the 
wheels ABO, planted in the line of centres. 
" As this is one of the parts in which my 
mechanism differs from anything in use, I 
will here give you ray reasons for this depar- 
tore from the various modes of setting the 



hands. 1st. We have foond that those 
mechanisms which set the hands by palling 
out the knob, are liable to be pulled oot 
accidentally and bo stop the watch. This 
cannot take place in my arrangement, as it 
requires a deliberate act on the part of tHei 
wearer to establish the connection between 
the keyless and motion wheels. 2nd. When 
the knob has been pulled out designedly, for 
the purpose of setting the hands, it is often 
left in that position by careless wearers, and 
instead of setting the hands to time it has 
stopped the watch ; this is always liable to 
occur in the hurry of business, and especially 
in a good watch, the alteration of the hands 
being of rare occurrence. You will see my 
mechanism provides for this contingency, for 
immediately the watch has been set to time 
the keyless wheels leave the motion wheels 
without requiring any act or after-thooght 
on the part of the wearer. 8rd. "Those 
mechanisms which have a push-piece on the 
band of the case (and they are by far the 
most numerous) are liable, under onfavonr* 
able circumstances, to have the push-piece 
pressed down, and so set the hands backward 
or forward or stop the watch. Much skill 
and ingenuity has been employed to remove 
these defects ; for instance, a pipe with a nick 
in it has been soldered into the case to protect 
the push-piece ; this remedy is as bad — perhaps 
worse — than the disease, as it forms a cbannd 
for any fine subtance to press the push- 
piece down more effectually . Others have a pin 
or wedge soldered on the cover of a hontmg 
case, or on the bezil of an open-faoe oase^ 
and when shut down, passes through the 
band of the case and presses against the 
push-piece ; this effectually prevents acci^ 
dental setting of the hands when the case ifi 
shut, but is most objectionable from its 
frequent liability to catch in the dress, &o., 
when the cover of the hunting case is open, 
and is also objectionable in the open race, 
which requires exposure of the hands when 
setting them to time, and in both instanoes 
is objectionable on account of the perforat- 
ing of the case, which forms inlets for dust, 
&c. None of these objections can apply to 
the mechanism before you ; it has no push- 
piece, which is unsightly and unsound ; the 
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case is not perforated, and it is not necessarj 

to open the glass bezil of an open-face 

watch when you set it to time. If you set 

the hands in a cload of dust, in a storm at 

aea^ or in a shower of rain, none of these 

elements can obtain admission in the watch. 

** I will not di'tain you by examining more 

of the hand-setting arrangements, but com- 

piend to your notice a valuable article, by 

Mr. GroBsmann,, in the American Horological 

Jmimal of 1872, which is in the library of 

.this iBBtitnte, where he examines a great 

pumber of hand-setting arrangements, and 

Imja before you fully and fairly the objections 

•tbat TBBt against them, and he arrives at 

the following conclusions : — ' I have always 

thongh^' he says, 'that the setting-hand 

jDMcfaanism ought to be constructed in such 

^ Wttj that^ — Isty the motion wheels can 

MfW oome in contact with the keyless 

' vheds hj any accidental cause ; on the con- 

tmiy, tney should be so arranged as to 

jtfqnire a decided act on the part of the 

.warn to establish their connection with the 

. footim, work. 2nd, after having set the 

biiida» the said mechanism ought to go out 

fit fgmr with the minute wheel by its own 

;, pitioiiy and without requiring any care 

jvlutew on tiie part of the wearer. These 

'Jtwp principles,' he continues, 'are of the 

fftipMt importance for the good and re- 

iWMe aervice of the watch, for a watch 

rs;^ jaTariably stops if the keyless mechanism 

r 'TBomes into or remains in gear with motion- 

^vork at a wrong time ; and a construction 

: jvhioh leqaires a degree of care which not 

.; idtl wearera bestow on their watches must be 

; ^alhd defective, so long as other construc- 

"jtknia may be attained without this weak 

; aoIpI.' I respectfully submit, the mechanism 

.' J ba fore you embodies these important prin- 

^jipka let forth by Mr. Orossmann. 

'.^ VThe next part I wish yon to examine is 

• Hm arrangement of the barrel, barrel-arbour, 

' jnd atop-work. The barrel-arbonr (see Fig. 8) 

, hm two pifota for the barrel to work upon, 

^/ll^idMBtop-pieoe and click-wheel are attached 

I ^fib it by means of a left-hand screw formed 

;:Mttb6 lower part of the arbour ; a pivot is 

■^'. ftnned on the stop-piece and fits in the lower 

^ ' fllaM <uid oomea flush with the 1 ottom of 

. ;,Jtlie nnk fcnmed ont for the wheel C, Fig. 2. 

. .WlMli the dick- wheel is screwed on it slightly 

' IhindB the arbonr to the plate. The advan- 

:tagea derived from this arrangement are as 

IbllowB : — ^The barrel ia held in its proper 

poaition withont a name-bar or top-plate, and 

allows the barrel to be made a little higher 

than the top of the balance-cock, and by this 

means the height of the mainspring is in- 



creased more than 50 per cent., without adding 
to the thickness of the watch ; this arrange- 
ment admits of a broad thin mainspring, 
which gives six turns to the burrel, and con- 
sequently approximates to an adjustment, and 
yet there is ample power to the wateh. The 
arrangement of the going-barrel in our keyless 
movements I have always regarded as yery 
objectionable. I refer to the great wastipi of 
valuable space. In their present form it is 
not possible to get more than 4^ turns to 
the barrel, and then there is barely sufficient 
power to the watch. The movement before 
you is worked into a case the same depth as 
is required for one with J pillars, and yet the 
height of the mainspring is 15 degs. on the 
douzieme gauge, instead of one of 9 degs. 
on the same gauge if worked on tUe old 
system ; and though the spring is so thin as 
to give over six turns to the barrel, and con- 
sequently is near to an adjustment, yet there 
is ample power for vibraiion to the h0aviest 
balance that can be got into the watoh — 
results that I am sure cannot be obtained 
with the present system of making going- 
barrel watches. Here let us not lose sight 
of other great advantages a high thin main- 
spring has over a narrow thick one. Com- 
petent spring makers assert that the differ- 
ence in the temper is as follows : — After a 
thin spring of good steel has been hardened, 
it requires to be let down to a dark red- 
blue or puce colour, and a thick spring of 
the same quality of steel and work re(|uires 
to be let down to a light or white blue ; and, 
notwithstanding the increase of temper, the 
thin spring is least liable to break. It has 
greater force in proportion to a thick one, 
and retains ite force immensely better. 

'* ^o great do I conceive the advantages of 
my barrel arrangement to be, that I think 
they might with profit be applied to our 
}-plate iuzee watehes ; though they do not 
lack power, it is derived from a thick and 
low-tempered spring. 

** The mainspring is hooked into the barrel 
by cutting a tongue in the spring, which 
catehes into a very shallow nick inside the 
barrel — just a scrateh from the poiajb of a 
graver is sufficient ; this method of ho(/king 
in the spring works admirably. I think ic 
advisable to make two or three of these 
I scratehes at equal distances from e< ch other, 
I and this will allow the spring to tie set up 
'• so that the stopwork will act near the end 
! of the last turn ; this, I venture to think, is 
- a great improvement on drilling a hole, 
> which weakens the edge of the tiarre], and 
screwing in a pin which projects through 
the spring, and throws the barrtl out of 
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truth when the spring breaks ; by this 
means, and its increased height, my barrel is 
better fortified against the breaking of the 
spring. These may seem little points, but 
to neglect them is to make a watch the 
engine of its own destruction. In this con* 
stmction the barrel work is easily made, 
firmly fixed, infallibly upright. It saves 
the thin and complicated bridge, and about 
fifteen screws, as used in Geneva watches. 

** The next part to examine is the stopwork. 
The weak part in a going-barrel stopwork is 
the boss on which the star-piece is screwed. 
This may be greatly strengthened by spring- 
ing on the star-piece. I think it advisable 
to increase the size of the stopwork, so that 
the star-piece comes close to the teeth of the 
barrel, and by this means get a larger and 
more reliable boss. This mil not apply to 
Geneva watches, as a little more than a third 
of the barrel must be turned away to free the 
hour wheel. But the improvement to which 
your attention is directed, is the bevelling of 
those parts of the stopwork which come into 
action when the watch is wound up, and 
when it has gone down. These bevels are 
00 formed that^ when the watch is wound up, 
the edge of the finger-piece overlaps the edge 
of the star-piece ; this causes the shoulder of 
the barrel-arbour to bind hard on the inside 
of the barrel, which is left large and quite 
flat. This binding is of itself a kind of stop- 
work, and, to some extent, relieves the pres- 
Bure from the boss ; at the same time, the 
overlapping presses the star-piece close to the 
barrel, and prevents its well-known tendency 
to rise. This is substantially the improved 
action when the watch is wound up. The 
bevels at the other end of the stop-pieces are 
formed with lower angles, and in opposite 
directions, which gives a slight tendency to 
throw off the star-piece ; the object of this 
action is to prevent the irreparable injury to 
the boss, which takes place when the click 
spring breaks, or when the mainspring is let 
down with a rush by accident or carelessness 
(m the part of the workman. 

" We pass on to consider what I regard as 
the most important part of my invention, viz., 
the form of the sbifting-bar and spring, its 
mode of application, and its combination with 
setting flange, and also the bearing lor the 
bevel- wheel in the pendant. I will briefly 
describe them, the mode of application, and 
tell you what I conceive to be the advantages* 
Fig. 7 is the shifting bar and spring. It 
may be formed out of one solid piece, or the 
pivot on which the intermediate wheel works 
may be screwed on to the bar (see models). 
One of the plate^screws passes through the 



hole on which it works ; after the sinks are 
turned out for the keyless wheels, a chamber 
is cut through the plate under the wheels 
A B, Fig. 2, and the bar and spring fit in 
this chamber, which has room for it to work ; 
the bar then rests upon the under surface of 
a solid top plate. Advantages : — By this 
means the entire thickness of the lower plate 
is devoted to the wheels and shifting-bar, or, 
in other words, 150 per cent, is added to the 
thickness of the wheels, and 50 per cent, to 
the thickness of the shifting-bar, without 
adding to the thickness of the watch. 2nd. 
It brings the wheels close to the dial, and 
yet makes it easy to apply the shifting-bar 
under them. The present system of placing 
the shifting-bsr alK)ve the wheels and close 
to the dial is a fsLtsU mistake, as it brings the 
wheels near to the middle of the movement, 
necessitates fine teeth, and excess of leverage 
in winding. The arrangement before yoa 
admits of coarse teeth, which are cheaper to 
cut, easier to work, and far more durable in 
action. I find i( best to make the shifting- 
bar and spring out of one solid piece, and 
screw in the pivot on which the wheel B 
works ; the bevelled pinion in the pendant is 
formed with a sleeve to it, through this 
sleeve a piece of steel, called the setter, works, 
in combination with the shifting-bar, so that 
when the knob or button is pulled out, it 
causes the bar to move in the direction of 
the minute wheel (see Figs. 3 and 4). Whea 
you leave hold of the knob, the spring caosei 
the bar to return to the barrel. The spring 
is cut out of the bar with a screw-heaa-file^ 
or it may be easier made by screwing the bar 
in a slide rest and cutting.it with a circnltf 
saw. The end of the spring oomes a littls 
below the centre of the hole in which it 
works. The action is somewhat akin to a 
gunlock-spring, and may be said to be a 
spring of speed rather than one of power. 
The bar may be moved through an arc of 
35 degrees, and the action of the spring is 
scarcely perceptible considering its great 
thickness, the lowness of its temper (for it 
acts remarkably well when quite soft), and 
the little action, it is impossible for it to 
break. 

*' The bearing of the bevel- wheel (see Fig. 6) 
is formed of hard steel, and is let into die 
top plate under the wheel A, Fig. 1. A 
hollow drill is passed through the pendant, 
and forms in it a hole or bearing, in the 
centre of which a pivot is left for the setter 
to rest upon, and so forms a bearing tx th» 
bevel-wheel. 

''The present system of making keyless 
watches without a bearing for the beveUwheel 
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is absard, and yet it is not without advocates, 
for some tell ns a bevel-wheel depth will not 
wear shallow, and others go fdrtner and say 
it wears deeper. I have hardly patience to 
deal with these statements. Suffice it to 
say that no depth wears more than an an- 
gular or bevel depth. Intelligent mechanics 
mngh at ns for our want of engineering 
skifi. What are the results ? How does it 
work? In a few years the depth misses 
altogether. I can supply you with plenty of 
instances of this kind, where the watch has 
not been going more than four or five years, 
and some even less than four years. Of late 
it has been found necessary to make the 
watoh with squares and keyholes. I have 
seen this in the highest class of work, so that 
when the keyless work gives way, the wearer 
may be able to wind up his watch with a 
key. I am aware some tell us the reason 
for their being made with squares, &c., is in 
case the watoh should get into the hands of 
a country jobber, and he might not be able 
to repair or put it together ; this is untrue. 
The squares and keyholes are a tacit acknow- 
ledgment of the unsoundness of keyless 
watohes. In the mechanism before you there 
is no liability to give way. 

" The winding knob or button (see Fig. 9), 
in ite present form, is objectionable. When 
new and left with sharp edges it is unplea- 
sant to use, and painfully so to a delicate 
lady ; its sharpness cuts the dress, and, worst 
of all, it soon wears smooth and slips through 
the fingers, and then it winds with difficulty. 
My improvement consists of one made octa- 
gonal shape, fluted, and is analogous to onr 
bpard key. I find by it the power is more 
easily transmitted, and at the same time it is 
free from the objections already mentioned. 
With regard to its appearance, some think it 
better looking than the one in use, while 
others say it is ugly. It would not be modest 
of me to determine these questions, but they 
should be carefully considered before it is 
adopted. All I claim is that it has the 
mechanical advantages already described. 
Mr. Nicole, a maker of keyless buttons, is 

E resent with a specimen ; he suggests to 
ave the top nurled, and I think the bottom 
of the fluting might be improved by engraving 
or chasing. The price for making, he says, 
will not be greater than the present form of 
button, a statement, I apprehend, that is true 
of all that I have shown you to-night. 

** Before I leave this part of my subject, let 
me say a word respecting the proportion of 
the turns of the knob to a revolution of 
the barrel-arbour — a point on which there 
seems to be considerable difference of opinion . 






I have found from 3} to 5 turns of the knob 
to one of the arbour. Mr. Orossmann 
recommends three turns of the knob to one 
of the arbour. The majority of our English 
mechanisms require more than four tum% 
and it cannot li^ denied they wmd too easy; 
and in no construction of watoh does this 
excess of power work worse resulte than in 
a going-barrel lever, for by it the wearer 
unconsciously forces the stop-work, not nn- 
frequently bends the teeth of the barrel and 
centre-wheel, and gives a dangerous impetus 
to the balance, and an amount of torsion ; 
but for these defects in winding the watch 
might take an irreproachable rate. In the 
open-face model I naTe used a pinion of 16 
in the pendant and a wheel of 40 on the 
barrel-arbour, which requires 2i turns of the 
knob to 1 of the barrel, and, notwithstand- 
ing the increased power of the mainspring, 
with the improved button, it winds suffi- 
dentlv easy. 

" The click and dick-spring (see en- 
ravings (is formed out of one solid piece, or the 
spring may be screwed or riveted on the click 
if desired. The spring is attached to the head 
of the click at the point A, Fig. 1, instead of 
the tail, as in those in use. By leaving the 
spring a little below the centre of the hole 
in which the click works, the spring may be 
left strong, and yet have a light and de- 
sirable a';tion. The click works on the 
thread of a screw which passes through the 
lower plate, the h^ad of which forms a strong 
and desirable steady pin for keeping the 
plates steady. I have not seen this method 
of attaching a click-work in a wateh, but 
have frequently seen it in well-made turret 
and house clocks. Now, the point to which 
your attention is more especially directed is 
the remedy supplied for what is known as 
torsion, or extreme tension. This takes 
place when the wateh is wound up to the 
top, and by the wearer giving extra force the 
click presses against the tooth of the wheel 
and strains every part of thQ wateh. From 
this moment it acts under the fcdl power of 
the spring. Increased by the action of this 
torsion, it begins to work violently, and con- 
tinues so for some minutes. This is alwavs 
accompanied with no small danger to the 
escapement, and produces a considerable 
deviation of rate. The remedy is this, — 
make the point of the click to come nearly 
in a straight line with the barrel-arbour and 
click-screw, and allow the front of the click 
to bear upon the plate into which it is sunk ; 
this gives to each tooth a little recoil, and 
so prevents the torsion complained of. 

•* Hunting-case lock-spring (see Fig. 6).— 
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Onr Baddle lock-spring to hnntine-cases is ex- 
penuiye, and an impassable barrier against a 
bearing to the bevel- wheel. The one I have 
invented receives its motion from the side of 
the pendant, the point A passing into a slot- 
cat in the pendant between the band of the 
case and the movement. It is not more 
expensive to make than the most ordinary 
case-spring. 

'* Dial fastening. — ^The dial- feet are made 
in the shape of an inverted cone. A spring on 
the top-plate takes hold of this cone, mnch 
in the same way as yon wonld hold it with 
yonr finger and thnmb. All the forms of 
screwing on dials are objectionable, and in 
the present constmction of watch it cannot 
be pinned on. 

"The next improvement is what I call 
pressnre-proof. The top-plate is made ont 
of a solid piece of brass, and fits on and is 
screwed to the lower plate withont pillars. 
The index or regulator is made a little below 
the general surface of the top-plate, so that 
any external pressure goes on the solid top- 
plate, which IS able to bear it. This is a 
matter of considerable importance where the 
watch has a thin gold case with flat bottoms. 
The scape-cock is formed on the solid top- 
plate, or, rather, it is left when you turn 
out to free the balance. It is not liable to 
shift, and has conditions of strength not to 
be met with in the present form of f-plate 
escapements. 

•' In review of the whole matter, I venture 
to assert I have shown you a mechanism of 
far greater strength^ simplicity ^ and efficiency 
than anything as yet produced. I have 
accomplished more with three screws in the 
watch than is done with 45 screws in the best 
Geneva watches. I have made the mechan- 
ism with one wheel and two pinions — and 
one of the pinions is more easy to make 
than a minute wheel-nut ; to accomplish 
more than best mechanisms in use, some of 
which have nine wheels. The spring, which 
is so simple and scarcely worth mention- 
ing, accomplishes more than is done in 
some mechanisms 1 have seen with four 
springs. 

" I claim to make the watch thief-proof, 
water-proof, air-proof, and dust-proof, as well 
as pressure-proof." 

The Chairman said it would probably be 

Eremature to speak of the practical value of 
Ir. Whittaker's propositions. They would 
have an opportunity of reading the paper in 
the Journal^ and considering the various 
points, before arriving at a final decision ; 
but a discussion of the views which had been 
placed before them would be interesting, and 



no doubt Mr. Whittaker would give any 
further explanation desired. 

In the course of a somewhat desultory dis- 
cussion which followed, remarks were made 
by Mr. P. Hough ; Mr. Schoof, who thouj^ht 
it ungenerous to inventors of other keyless 
mechanisms to say that leaving squares 
on was an acknowledgment of unsoundness 
of the keyless work ; the squares were 
useful for winding and letting down before 
the movement was in the case ; he con- 
sidered the exertion required to keep the 
knob out while setting the hands rather ob- 
jectionable ; by the Chairman, who thought 
the squares were in some degree an impeach- 
ment of the keyless work ; by Mr. Bickley, 
who feared the arrangement for hooking in 
the mainspring might fail and allow it to 
slip in the barrel ; and by Mr. Prowse. 

A vote of thanks was unanimously accorded 
to Mr. Whittaker, on the motion of the 
Chairman, who expressed the indebtedness of 
the members to Mr. Whittaker for the trouble 
he had taken to lay his thoughts clearly 
before them by preparing the models which 
were exhibited. 

' Mr. Cole's Treatise. 

The following amounts have been received 
or promised in answer to the invitation of 
the Council to contribute to the fund re- 
quired : — 

£ 1. 1 

Mr. Bacon 110 

Mr. Bickley 110 

Mr. R. Bushell 1 1 

Mr. W.B. Crisp 110 

Mr. Dawes 10 

Mr. Evans 110 

Mr. Ganney 10 

Mr. Glasgow 110 

Mr. HoUister 110 

Mr. Immisch 110 

Mr. Jackson 110 

Mr. Jones, F.E.G.S 110 

«*Lemas" 10 

Mr. Mayer 110 

Mr. Peter Orr 10 

Mr. Snaith, Wigton, Cumberland 5 

Mr. Strachan, F.M.S 10 

Mr. Webster, F.E.A.8. ... 110 

Messrs. Usher and Cole ... 110 

Arrangements have been made for a party 
of the members of the Institute to view the 
magneto-electric clocks of Sir Charles Wheat- 
stone, and other objects of interest, at the 
British Telegraph Manufactory. Particulars 
of this and other announcements will be found 
at page xi. of the advertisement apace. 
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ON MAKING AND APPLYING BALANCE-SPRINGS. 



Although your Jaumalhas contained a good 
deal on tbis head lately, the growing import- 
ance of the subject will warrant my giving a 
few practical saggestions on the making and 
applying balance-springs to watches. Thirty 
years ago e?ery finisher made and applied a 
spring to the watch he finished (except a very 
few of the best watches, which were sprung 
with what were termed hand-made springs, 
turned up, as described by Mr. Palmer in his 
essay, or the ordinary tool-spring, hardened 
between two pieces of brass screwed together 
— a Tery clumsy and almost impossible way 
of hardening a spring and keeping it in 
shape). Now, very few finishers know any- 
thing about either making or applying them. 
About this time Mr. Lutz, of Geneva, dis- 
covered a method of hardening springs 
(other than the old process of fire and water) 
and imparting a very beautiful appearance 
to them. He exhibited a case of these 
springs in the Exhibition of 1851, which 
came into my possession afterwards ; and 
very beautiful things they were, in all forms 
and colours. I believe the Commissary gave 
him some assistance to enable him to perfect 
his invention ; but I do not think these 
springs have improved since then, although 
the secret is still a family one. Great quan- 
tities of these springs, and others made in 
imitation of them, have been brought to 
this country, superseding the old tool-spring 
of the finishers, as they deserved to do ; but 
they are altogether unworthy of a good 
Ensflish watch (although too frequently 
applied to watches receiving that appella- 
tion), as the process of hardening, whatever 
it is, destroys the steel, and if at all hard 
makes it brittle and rotten. 

I will now describe the process of making 
good springs, beginning with the ordinary 
flat spring. Take a piece of brass or Ger- 
man silver, about the eighth of an inch thick, 
drill a hole in the centre and turn it out in 
the mandrel to about I of an inch in di- 
ameter, in the furm of a small watch-barrel. 



This is called a spring-box. Fit a lid to it, also 
with a hole in the centre ; turn down a pie(*e 
of brass wire with a pivot and shoulder to fit 





Spring-hox and Winder. 

the small hole in the box, and projecting 
a very little way through (it should pro- 
ject through the bottom of the box the 
exact width of the wire to be used for 
the springs). Tap a small hole in the 
centre of this winder-pivot and cut three 
thin slits in a triangle to receive the ends of 
the wire, of which the springs are to be 
made. Drill three holes at equal distances 
through the rim of the spring-box, close to 
the bottom, through which pass the wire and 
fasten the ends with a screw into the slits in 
the winder ; the head of this screw should 
project through the bole in the cover. Now 
the cover is to be put on and gently pressed 
down during the process of winding the 
sprin&rs up, until the box is quite full, the 
ends of the wire cut off, the screw removed 
from the centre, and the winder taken away. 
Bind the cover tij;htly down with wire, stop 
the hole in the centre (animal charcoal and 
soap will do for stopping), and harden the 
whole in the usual way. Water is better 
than oil, as the lower the temperature at 
which they are hardened the better the 
springs will be. If the box is now put into 
a small vessel (an old metal spoon will do) 
filled with oil, and held over the spirit lamp 
until the oil just catches the flame, and then 
left to cool, they will shake out of the box 
quite easily, and you now have three springs 
that, even in this state, are far superior to the 
spurious Swiss things called hardened and 
tempered springs. 

If the air is effectually excluded, the pro- 
cess of hardening will not discolour the steel 
much, and tempering in oil very little, there- 
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fore little time ia required to polish a spring 
carafally made after this manner. 

Poliah them in the following way : — Take 
a piece of wood or large pith, make it 
into a cone at one end, put a pin into the 
end to project half an indi ; pnt yoor spring 
OTer this pin, and draw down the onter 




To PetUi Outtr Sides of CotU. 

«nd of the spring orer the cone with 
the tbamb of the left hand, and with 
R well-worn bmsh well charged with red 
■tnff joa will, in a few minateB, polish 
the onter sides of the coils ; taming 
the spring when one side is polished, and 
repeating the process. The inner sides of 




To FolM Inner Sidei of CaiU. 

the spring are more difficult, and reqnire 
care and practice. If the spring be placed 
on a piece of flat cork and a finelv-cnt peg 
be inserted through the centre, and pressed 
firmly on the cork, the spring will take the 
form of a cone, and by moving the peg (with 
plenty of red staff on it) backwards and for- 
wards, and also in s lateral direction, the 



inside of the spring will be polished in a 
few minntes ; care being necesaary not to 
bend the spring, as if bent in the polishing 
ever so little it is nseleee. The flat edges of 
the spring are polished on writing papa 
rubbed over with red stnfT, bj pressing the 
end of the middle finger on the spring, and 
moving it gently in a circle. Some nse cork 
or pith instead of the finger. Wash the 
spring in benzoline, and it ia ready to blae. 
Care and experience are necessary to bine ■ 
spring well, bat the practice will repay the 
tronble and time. 

The tool for making the Bregael^spring 
mnst be somewhat different, as only two of 
these springs are made at a time ; therefore, 
all that is wanted is a slit cat across the 
pivot or small part of the winder. The pivot 
shonid project a qaarter of an inch throagh 
the box, and two, instead of three, small 
holes made in the side of the box. ^e wire, 
to give the requisite number of tarns in the 

® 



Winder/or Breyuet-tpringt. 

flat-spring in a given size, mnst be flat snd 
broad ; bat when two only are made at ■ 
time, the wire shonid be very little flattened, 
else the coils of the spring will be too cloie 
together. The reasons for a diflfereace in 
the lengths of flat and Breguet-springs will 
be given. The spring can now be sppliedio 
the balance, without being pinned to Uie 
collet, bat merely sprang on, as the craitre 
should be small, and the time of the vibra- 
tions counted. It will be seen if the Sfxing 
is the exact strength, and if so, and the exact 
size, it should be pinned in so that the inner 
and outer ends of the spring terminste 
exactly at the same point, forming a complete 
circle, or what is termed "equal turns." 

If the spring is now pinned to the collet, 
and the collet put on a small arbour, by 
moring it round alternately in the callipen 
and turns, it will be got true and flat ; U for 
a Bregnet-spring, the onter coil mnst be 
tamed np not lees than a whole ton ; it 
should be bent npwardi and orw in a veiy 
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flowing curve, carefally aroiding what Mr. 
Henry Philips Palmer, in his valuable prize- 
essay, calls "elbow-joints," or the sharp angles 
to be seen in all eprings of this form applied 
to Swiss watches. The end of the over-coil 
should run into the stud-hole before being 
pinned in, and if the stud is screwed into the 
cock without the balance, it will easily be 




Breguet Curve, 

seen if the jewel-hole is in the centre of the 
hole in the spring-collet, as it should be. 
This spring should also be pinned in so that 
the inner and outer coils will form a complete 
circle. 

The isochronism of the balance-spring is a 
subject bristling with controversy ; but, as I 
am writing this with a hope that it may be 
useful, I will avoid theorising as much as 
possible, and treat it from my own personal 
experience. There ar3,however,a few dogmas 
in the way which I must notice. 

First comes the venerated axiom of Dr. 
Hooke, *' Ut tensio sic vis^* which is not quite 
true of balance-springs of watches, else 
every spring would be isochronous. There is, 
again, an absurd theory, attributed to the 
late Mr. G. Frodsham (recently repeated in 
your Journal), that every len;^th of spring 
has its isochronous point ; and, in a recent 
prize-essay, the writer, Mr. Immisch, says, 
** every one, with some experience in timing, 
knows that mere length has absolutely 
nothing to do with isochronism." 

Now, I assert that length has everything 
to do with it» and I am not " copying the 
statement from books,** as I know of no books 
in which the statement is made, but am 
making the statement from my own experi- 
ence ; and, first, I affirm that a spring too 
shorty whatever its form, will make the short 
arcs of the balance's vibration be performed in 
a lesB time than the long arcs, and that a 



spring too long will have just the contrary 
effect ; and, for this reason, if you take a 
balance in its place in the watch with a spring 
of ten turns (a length often prescribed), and 
move the balance round half a turn — ^you 
will find that while the inner end of the 
spring, being pinned to the collet, moves 
round in the same circle as the balance, the 
outer end being fixed, the disturbance in the 
spring taking place first in the inner coil 
has gradually affected the fixed and rigid 
end, and in a spring of this length (especially 
if it is a hardened spring, and therefore more 
elastic), the maximum resistance of this fixed 
end has been reached, or nearly so, therefore 
if you move the balance anuther quarter of a 
turn in the same direction, you have added 
little or nothing to the resistance, and the 
spring has not force enough to throw the 
balance back through the longer arcs in the 
same time that it would have gone through 
the shorter. Therefore, I assert that a spring 
with ten turns is too short, and, in con- 
sequence, a watch with a spring of that 
length will lose in the short arcs and gain in 
the long arcs. Now, take a spring of twenty 
turns, and go through the same operation, 
and you will find that the balance must be 
moved through more than the half turn to 
disturb the fixed end of this spring ; but as 
the spring is more than double the length, it 
is also thick in proportion, and when the 
disturbance reaches the rigid end, it exerts a 
force sufficient to carry the balance through 
the longer arc in a shorter period than 
before that force was called into action. I 
repeat, then, that a, flat spring with ten turns 
is too short, and one with twenty too long ; 
that the spring with ten turns will make the 
same watch go fast in the short arcs, and the 
spring with twenty turns slow in the short 
arcs. I find the best length for a fiat spring 
to be 14 turns ; and if it is half the size of 
the balance and pinned in, as before directed, 
the time will be pretty near in positions ; 
but although the fiat spring is the most 
common, it is also the worst form of spring ; 
it cannot expand on the side next the stud, 
but has a dragging, lateral action, while it 
throws out on the opposite side to a third 
more than its proper size, causing consider- 
able pressure of the balance pivots on each 
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Bide of the holes alternately. It will assist 
the action of this spring if it is always a 
little small, as this gives more freedom to 
that portion of the coils next the stnd. I 
have seen directions by good men how to 
time in positions by the cnrb-pins ; this 
should never be attempted. The curb-pins 
(always an evil) should be just wide enough 
apart to let the spring just move between 
them, and no more, and should never be far 
from the stud ; and as '* manipulating,'* as it 
is termed, the curb-pins is only done with 
the object of lengthening or shortening the 
actmg length of the spring, this should be 
accomplished in the proper way at once, by 
adding or taking away weight from the 
balance. Should the watch, with the spring 
referred to, gain a few seconds in the short 
arcs, taking up the spring half the width of 
the stud, and replacing two of the balance- 
screws with heavier ones, will remedy this 
defect, and should it do the reverse, that is, 
lose in the short arcs, by taking a very little 
off the weight of the balance, and letting the 
spring out so much, the error will be cor- 
rected, that is, if the error is in the spring ; 
but no directions will enable any one to 
make a watch go well, with bad pivots, bad 
holes, and large and bad lever escapements. 
The Breguet-spring, although differing 
very little in form from the flat spring, is 
essentially different in action and principle, 
the over-coil being fixed abore the spring 
and nearer the centre gives it perfect free- 
dom to expand in a circle all round. This 
spriog must be much longer than the flat 
spring, as the force of the outer or fixed end 
is sooner reached, and the curve inwards 
gives it more power of resistance, and also 
an easy and perfect means of obtaining 
isochronism. I find from twenty to twenty- 
two turns the best length for this spring, 
and curb-pins should never be used with it 
if perfect timekeeping be aimed at. I would 
also warn anyone against attempting to alter 
the shape of the pivots of the balance-staff ; 
there is only one shape for pivots, and spoil- 
ing the pivots is not isochronising the spring. 
This remedy is nearly as bad as putting the 
balance out of weight to obt^ time in 
positions. My theory is length, and length 
alone, and this theory seems to me to be in 



perfect accord with the result of a good 
many experiments on this subject, most of 
them pursued unconsciously. As, for in- 
stance, the tapering of the wire before making 
the spring, and again, in the contrary direc- 
tion, when what was termed the isochronooB 
stud (that is, a long spring stnd) was nsed ; 
and I have actually seen these two remedies 
applied to one watch, when the result might 
have been obtained by a spring of the proper 
length. 

I need not mention any of the other forms 
of spring in use — they are beyond the scope 
of the present paper, but they are all governed 
by the same laws, and their action is nearly 
the same as the Breguet-spring. There is 
still a feeling in favour of the cylindrical 
spring for pocket chronometers — I suppose 
from old associations, and as there is gene- 
rally room to get a spring long enough in 
it is a very good form. 

But when the great merits of the Breguet- 
spring (properly made) for pocket watches 
are better understood, it will doubtless be 
more generally used than at present, as high- 
class watches that can be relied apon for 
keeping correct time are every day be- 
coming of greater importance. I shall, 
perhaps, be told that adopting a good deal 
of what I have said means higher-priced 
watches. No doubt it does ; and I cannot 
help thinking that the reasons why fewer 
really good watches are sold in England than 
in other countries with a tithe of its wealth, 
must be sought for amongst the makers and 
sellers, and not the buyers of watches. 

In a country where "Time is money," 
more now than it has ever been before, and 
where so much is spent in art and luxury, 
why should excellence in watchmaking be 
the only excellence not worth attaining ? 

I do not think what I have said will en- 
able a person that has no title to the name 
of watchmaker to spring a watch. There 
is no royal road to the art of watchmaking 
more than to any other, but I am afraid it 
is too much the feeling amongst a portion of 
the trade to look for information from books 
and what are called " trade secrets*' which 
can only be obtained at the bench. I think, 
however, there is information in this paper 
that ought to be useful to ihoae 
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knowledge ; I know it is the result of much 
thought and labour to myself. I believe I 
have made it quite clear what is the prin- 
ciple of isochronism in the balance-spring, 
and how that isochronism is to be obtained, 
and, I hope, exploded the greatest of these 
trade mysteries, that are the very meanest 
things associated with watchmakers. 

D. GLASGOW. 



EAILWAT INSURANCE CHARQES. 

The Select Committee of the House of 
Commons appointed to inquire into the ope- 
ration of the General Carriers' Act met again 
on Monday, 10th May, Mr. Jackson in the 
chair. 

The first witness was Mr. Sellon, a repre- 
sentative of the firm of Johnson, Matthey, 
and Co., gold refiners and bullion dealers, 
Hatton Garden. He said their business was 
a large one — he believed the largest of its 
kind. It had been established 125 years. 
The nature of the business was that they 
supplied bullion to the large dealers through- 
out the country, and also to manufacturers 
of watches, jewellery, &c., and to those 
persons they sent daily supplies of gold and 
ailver, either fine or alloyed. The firm had 
A manufactory in Hatton Garden for melting 
and refining, which was the chief branch of 
their business. They undertook contracts 
for supplying the alloy bars required for coin- 
age in Can»la and various Foreign States. 
There was scarcely a carrying train in the 
day that did not convey bullion in some form. 
Platinum was one of the precious metals 
which was not in the Act of Parliament, and 
the railway companies would be liable for 
losses of any parcels of that metal. The 
firm dealt largely in that article. The 
amount of insurance done by the firm was 
very small, owing to the heavy rates charged. 
The insurance from London to Birming- 
ham was 3«. for £50, or 6$. per cent. — a 
snm which yery few of their customers 
would pay. The sendings of the firm in the 
ordinary trade business were from £3,000 to 
£10,000 a day, but these did not include the 
larger transactions, such as bullion sent to 
Birmingham to be coined, and bullion sent to 
Liverpool for shipment — consignments that 
often amounted to £50,000 per day. His 
firm had never sustained a loss in the shape 
of a large consignment, but had had losses in 
small parcels. Witness was of opinion that 
the charge for insurance should not be more 
than Bd. per £100, which would remunerate 



the companies, and would, he believed, be 
readily paid by the trade. He would make 
the insurance he spoke of compulsory. 

The Committee also sat on Monday, 24th 
May, when Mr. Allport, manager of the Mid- 
land Railway, who was examined, said the 
articles mentioned in the Carriers* Act, supple- 
mented by some others, should, in his opinion, 
if the companies were to be liable in case of 
loss or damage, be sent by passenger train, 
and divided into two classes for separate 
rates of insurance, clocks bein^ included in 
the lower, and watches and jewellery in the 
higher class ; he thought the distance shonld 
be taken into consideration in fixing the rate 
of insurance, and suggested that one rate of 
insurance, in each class, should be adopted 
for distances nnder 200 miles, and a higher 
rate above that distance, becanse it generally 
happened that places more than 200 miles 
distant were reached by more than one line 
of railway ; a fair rate wonld be Is. under, and 
U. 6d. over the 200 miles for articles in the 
lower class, and 28. and 3^. in the higher 
class. The insurance should be compulsory, 
and the companies have the power to make 
some special arrangement in the case of any 
one parcel declared to be over the value of 
£500. He certainly considered the com- 
panies should have the power of inspection, 
unless Parliament relieved them from liability 
if they delivered a sealed packet intact. 
This power he only desired as a safeguard in 
case of suspected fraud. 



A NEW PORTABLE BLOW-PIPE. 
{From the '* Society of Arts Journal*') 

Sir, — As it is often very difficult to obtain 
a mechanical blow-pipe where gas is not to 
be had, I beg to describe the following 
apparatus, which I have found to answer 
every purpose, and which, as far as I am 
aware, is an original idea. Pass a stream of 
compressed atmospheric air through ** ben- 
zole," using a Wolfe's bottle with two tubes 
for the purpose of applying the blast. The 
light of a spirit-lamp shonld be placed at 
the mouth of the other tube, when the 
current of air will become ignited, and will 
furnish a steady reducing flame of eight 
inches in length ; the intensity and strength 
of the blast depending upon the amount of 
pressure applied. The chief advMitage of 
this instrument is that, of course, it can be 
used whenever there is any atmospheric air 
to pass through the benzole, which spirit 
scarcely suffers any loss, even after some 
hours' use. — I am, Ac., 

JAMES LEATHERBARROW. 
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D METHOD OP CONSTRUCTING THE DEAD 
ESCAPEMENT IN CLOCKS. 



By benjamin LEWIS VULLIAMY. 



{^Continued from pape 119, Vol. XVII.) 



Such pallets are represented, Figs. 2 and 3, 
Plate v., applied to similar wheels, taking 
oyer the same number of teeth, and acting on 
the same centres as in Figs. 2 and 3, Plate IV. 
These pallets will be led an equal angle by 
the action of the wheel on each pallet, and 
lead the pendalam an angle equal to the 
angle it is led with the centres of action of 
the pallets in its proper place, as in Fig. 1, 
Plate IV. 

This effect is produced in Fig. 2, Plate V., 
by increasing the angle of lead of the pallet, 
A A, and dimiuishing that of the pallet, 
B B ; and it will be observed that thous:h the 
two angles, BIG and DIE, the angles the 
pallets are led are equal to one another, and 
consequently that the pendulum will be led 
an equal angle by the action of the wheel on 
each pallet ; yet that the angle, A I C of 
lead as drawn of the pallet, A A, is greater 
than the angle, B I C, the pendulum is led 
by the angle, A I B, representing the differ- 
ence between the two ; and the angle D I F, 
of lead as drawn of the pallet, B B, Is less 
than the angle, DIE, the pendulum is led 
by the angle, FIE, the difference between 
the two. Consequently the total difference 
between the angles of lead as drawn is an 
angle equal to the two angles, A I B and 
FIE. 

A similar remark applies to Fig. 3, with 
this difference, that the same effects take 

f>lace on the reverse pallets ; the angle of 
ead of the pallet A A is diminished, and that 
of the pallet B B increased ; the angles, B I C 
and DIE, the pallets are led by the wheel, 
as in the former case, are equal to one 
another ; but the angle, A I C, of lead of the 
pallet, A A, is less than the angle, B I C, the 
pendulum is led by the angle, A I B ; and 
the angle, D I F, of lead of the pallet, B B, is 
greater than the angle, DIE, the pendulum 
is led by the angle, FIE; and the difference 
between the two angles of lead as drawn is 
an angle equal to the two angles, A I B and 
FIE. This alteration of the shape of the 
pallets requires a corresponding alteration in 
the shape of the teeth of the wheel, which 
must be longer and more undercut, and 



consequently weaker than when the centre of 
motion is determined, as shown by Fig. 1, 
Plate IV.* 

It now remains to point out the difference 
between the pallets, as drawn Fi^. 1, Plate 
IV., and Figs. 2 and 3, plate V. In Pig. 1, 
Plate IV., the angle of lead of the pallets as 
drawn and the angles they are led, are one 
and the same, and equal to one another, and 
consequently the pendulum is led an angle 
equal to either of these angles by the action 
of the wheel on each pallet. In Figs. 2 and 8, 
Plate v., this is not the case, it is true ; the 
pendulum is led an equal angle by the action 
of the wheel upon each pallet, the angles, 
B I C and D I E, Figs. 2 and 8, Plate V., 
being in each figure equal to each other, but 
the angles, A I G and D I F, of lead of the 

* In the case of the centre being placed aa in Fi^ 
2 and 3, Plate V., and the angle of lead of thepaUeti 
siippoeed to be originally drawn as represented £1^ 
1, Plate IV., the escapement wiU yet perform, and 
the pallet« lead an equal angle to one another by th« 
action of the wheel on each pallet by only alterinf 
the angle of lead of one of the pallets, as originaUf 
drawn. This is shown, Fig. 1, Plate V., where the 
centre of the wh?el and paUets are placed, and sU 
the parts, the angles of 1^ of the paUets excepted, 
are drawn as in Fig. 2, Plate V. ; the angle of leid 
of the pallet, A A, is drawn the same as in Fig. 1, 
Plate IV. ; but the angle of lead of the pallet, B B, 
is diminished to an angle sufficiently smaU to be lad 
by the wheel an angle equal to the angle the pallet 
A A is led with its angle drawn similar to Fig. 1, 
Plate IV., and the two centres placed as in Fig. S, 
Plate V. 

In this figure, see Fig. 1, Plate V., the angliv the 
pallets are led, and consequently the pendulom, 
though equal to one another, are less than in Figs. 8 
and 3, same Plate, where they are purposely made 
to lead angles equal to the angle leld. Fig. 1, Plate 
IV., at the same time they are led angles equal to 
one another. 

If, instead of the angle of lead of thepallei, A A, 
Fig. 1, Plate V., being drawn, as in Fig. 1, Plats 
IV., the angle of lead of the pallet, B B, had been so 
drawn the angle of the pallet, A A, might equally bs 
altered to suit the action of the paUet, B B, and 
similar effects would result as to the diffuenee 
between the angles of lead of the pallets as drawn, 
and the angles 1^ by the action <^ the wheel on the 
pallets ; and consequently the angle the pendulum 
would be led would be oonsiderably grsaUr tfasa 
in Fig. 1, PUte IV., instead of Ism, as in Kg. 1, 
PUteV. 
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Sy are of necessity to enable the escape- 
to perform, drawn different from each 
» and different from the angle the 
ilnm is led, the one being greater and 
ther less than the angle. The conse- 
» of this is that the length of the 
ed planes of the pallets is also very 
snt, the one being mach longer than 
iher, which renders the fractfon npon 
?onneqnal, and probably in the same 
as the difference in their lengths, and 
jnently the impulse received by the 
8 must, from that cause, independent of 
ther, be unequal. That this is an evil 
I first mao^nitude in the dead escape- 
it would be a waste of time to 
istrate ; it is only sufficient to observe 
the impulses received by the pallets 
anequal, the lengths of the arcs of 
ion of the pendulum will be unequal, 
consequently, performed in unequal 

» angles, A I B and F I E, Figs. 2 and 3, 
v., in each figure being eqiml to each 
it will be found in all cases that the 
of the angle led by one pallet above 
gle of lead of the same pallet as drawn 
16 equal to the excess of the angle of 
oyer and above the angle led by the 
pallet. 

posifig the distance between the centres 
on of the pallets and the scape- wheel, 
lined as above described, see Fig. 1, 
IV , and lines drawn from the points 
the teeth of the wheel act upon the 
f the pallets to the centres of motion 
wheel and the pallets, they will form 
e an obtuse and the other an acute 
and both angles will differ an equal 
ty, half the thickness of the pallet 
right angle. Now, in principle, the 
advantageous point of action for the 
upon the rests of the pallets is at right 
to the two centres of motion ; but as 
1 possible that the points of action on 
3 rests should form right angles with 

B is correctly true in the case of the pendu- 
ng supposea a beam and Tibrating a short 
3r in tne case of a pendulum with a very 
b suspended on a knife edge, as manj of the 
ks were made ; but in practice, in the case of 
is' pendulum, and still more, a two seconds' 
in, and a heavj bob, the power of ffr^Tity 
■J nearly orercome the aifference in the 
; neTertheleas, the inequality of the impulse 
a certain degree, be prejudicial, particularly 
ry accurate performance is required. 
» case of the anchor escapement, as applied 
es, the evil would probably be greater and 
It, and cause the arcs of ribration of the 
«o be T.ry unequal. 



the centres (for were the one a right 
angle, the other would be the thickness of a 
pallet greater or less than a right angle) it 
fullows that the best construction is that in 
which the action of the teeth of the wheel on 
both rests differs the least possible quantity 
from a right angle, and is that which will 
have the least tendency to wear, and, as 
observed by M. Berthoud, No. 1325, "the 
most favourable possible." 

There is a construction of the dead escape- 
ment, in which the point of action of the 
wheel upon the rests may be at right angles 
to the centres on both pallets, and, conse- 
quently, the rests at equal distances from the 
centre of motion of the pallets ; but in that 
case the impulse upon the two pallets is not 
at an equal distance from their centre, but 
the thickness of a pallet further from the 
centre upon one pallet than upon the 
other. (See Fig. 2, Plate III.) The impulse 
upon the inclined planes of the pallets bein^ 
at an unequal distance from their centre is a 
most serious defect, and the cause that this 
construction of pallets is no longer em- 
ployed.* 

Another advantage resulting from the mode 
of placing the centre of action of the pallets 
as above proposed is that the wheel will 
require to be undercut the least possible 
quantity ; for if the centre of action of the 
pallet is raised above its proper centre of 
motion, it will cause the wheel to be more 
undercut than it need otherwise have been 
to free the pallet upon the inner rest on which 
the wheel acts, otherwise the point of inter- 
section of the inclined plane and rest of 
the pallet will cause the wheel to recoil, by 
coming into contact with the face of the tooth 
of the wheel ; and if the centre of the pallets 
is brought lower than the proper centre of 
motion, it will cause the wheel to be more 
undercut to free the pallet upon the outer 
rest on which the wheel acts, otherwise the 
action of that rest will occasion the wheel to 
recoil (though the effect is very much less 
considerable in this case than in the former) ; 
consequently, the proper centre of motion of 
the pallets is the most advantageous to the 
shape of the teeth of the wheel ; for, as has 
been before noticed, the less the teeth of the 



• It has been before noticed that I. A. Le Paute, 
in his Traits d' Horologerie, 4to, Paris, 1767, page 
188, mentions that Mr. Ghraham made his dead 
escapement for clocks with the rests at equal dis- 
tance from the centre of motion of the paUets, and 
has so represented them in the plates to his work. 

I do not recollect erer baring seen a clock of Mf. 
Graham*s with the pallet made in this manner, 
though I hare seen such applied in old clocks. 
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wheel are andercnt, the shorter, and, conse- 
quently, the stronger, ihey will be. It may 
be farther observed, sujiposing the centre of 
the pallets to be in its proper place, that the 
greater the nnmber of the teeth of the wheel 
the pallets take over, the less the teeth of the 
wheel require to be undercut. It must not 
be concluded from this that the number of 
teeth the pallets take over can be too great, 
for I believe the contrary to be the case, 
inasmuch as it is more advanta<^eou8 in 
practice to communicate the impulse to the 
pallets at a moderate distance from their 
centre of motion, which will be the case when 
they take over ^ix, seven, or eight teeth, than 
at a very considerable distance, as in the case 
when they take over eleven, twelve, or 
thirteen teeth. 

To conclude : the great advantage of the 
mode of determining the distance between 
the centres of the wheel and pallets, and 
Uying down the lines of the escapemeut, as 
above described, consists not only in enabling 
the escapement to be made with the least 
possible drop, and, consequently, with the 
least loss of power, and with the action of the 
wheel and the friction upon each pallet as 
equal as it can be in the dead escapement 
made according to the usual construction 
with the wheel between the pallets, but on its 
being of general application, and equally 
correct, whatever may be the size of the 
wheel, the number of its teeth, or the 
number of teeth the pallets are made to take 
over. 

In the above, the drop of the escapement 
has only been mentioned incidentally, and no 
allowance made for that part of the action of 
the escapemeut which, by clockmakers, is 
termed the drop, or beat. In the dead 
escapement, in common with all other escape- 
ments, the drop is an unavoidable evil ; and 
it is sufficient to observe that the more 
correctly in principle and accurately in 
execution the escapement is made, the less 
will be the quantity of drop requisite, and, 
consequently, the less the quantity of power 
lost. 



The following observations have arisen out 
of the preceding pages, and, although not 
immediately relating to the subject of this 
paper, are, from the relation they bear to 
the construction of the dead- escapement, 
here inserted : — 

It has been observed (see note, page 3, 
and Fig. 4, Plate III.) that the quantity of 
tiie angle of lead of the escapemeut depends 
upon two things, — the angle of the inclined 
planes, and the number of teeth of the wheel 



the pallets take orer ; and that the escape- 
ment may be constructed to lead the 
pendulum an eqoal quantity, with the pallets 
made to take orer a few teeth, and 
with a low angle of lead ; or with the pallets 
made to take over a greater namber oi teeth, 
and with a high angle of lead. It may 
further be noticed that the lower the angle 
of the inclined planes the less will be the 
friction upon them, and, oonseqaently, th6 
easier the action of the wheel npoa the 
pallefs ; because the lower the angle the 
shorter the inclined planes, andt on the 
contrary, the higher the angle and the 
lower the inclined planes, the greater the 
friction, and the more nnfaronrable the 
actiun of the wheel on the pallets. At the 
same time it is to be observed that the less 
the friction on the inclined planes, the 
greater the friction on the rest. Supposing 
the case of two dead-escapements, similar in 
every respect except the angle of lead, of 
which the pendulums are made to vibrate 
equal angles (here the angle of yibraiion 
must notbeconfonndedwiththeangleoflead), 
and the pallets of the one conatmoted with 
a low angle of lead taking over, a few teeth, 
and the pallets of the other witii a h^jtk angle 
and taking over a greater nnmber of teeth, 
there will, in the first case, be leas ■ fUetion 
on the inclined planes and more on the nets ; 
and, the second, more friction ontheinduied 
planes and less on the rests ; and. ooue- 
quently, in the case of the pallets with a low 
angle of lead of the total apaoe of time 
which is occupied by each yibration of the 
pendulum, a less portion will be ennged 
during the advance of the wheel and (he 
giving the impulse, than daring the acUoa of 
the wheel on the rests of the pallets ; whereas, 
in the case of the pallets made with a high 
angle of lead, the direct contrary will occur, 
unless, indeed — w'hich is a possible case— the 
angle of lead should lead the pendalum 
exactly half the angle of yibration, when 
the portion of time the wheel ia engaged on 
the inclined planes will be eqnal to Uiat 
it is engaged on the rest of the paUetaii. Tfiis 
observation is made on the aappoaition that 
the whole vibration of the pendalam fainade 
with equal velocity, which ia not tbe 



but as the pendulum is acted npon fav the 
clock through the inclined planea cf the 
pallets, both during its ascent and depont, 
in the arc of vibration, I do not ^ipehsod 
the distinction to be veij material* New, 
as all irregularities resulting from the train 
of wheels must be more felt daring the 
period the impnlse is being given, than 
during the period of rest, it follows that, on 
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that acconnt, a low (or short) angle of lead 
JB lUDch preferable to a hifh one. 

U is also worthy of notice that, in the 
care euppoeed above, of two pendulnms 
mode to vibrate eqoal angles by the actioD 
of Head- escapements similar, except ia tho 
qnnntity of the angle of lead, the pendalnm 
applied to the pallets wiih the high angle will 
be mnch more liable to come to rest than the 
other, on account of the pxceM of the angle 
of vibration over and above the angle of 
lead being less than in the case of the pallets 
with a low angle of lead. 

In a former paper, I described a newmode 
of GoiiBtmcting the pallets and their parts, 
by which great accnracy in the execution of 
the escapement is obtained. It might 
appear reijuisite that I should, to complete 
the description of the dead-escapemen^ de- 
cribe the method of dividing and cutting the 
teeth of the scape-wheel. Bnt the snbject 
of dividing and cntting wheels has been so 
ftally entered into, and so much has been 
written on the subject, — and mnch to the 
purpose by vsriona authors who have 
written on clocks and watches, — that it is 

anite anperflaona to add anything farther on 
le subject. 



Sttte t0 f J «Miar. 



All Letten to b« wIiimMd to the Sditor, at 
Iiutituta, 35, NorthBinpton Square, E.G. 



DEUM TIMEPIECES. 

Sir, — As several persons have lately 
recommended different plans for improving 
the going of French dmm timepieces, I hei; 
leave to submit a plan I have recently 
adopted. 

The great fault seems to be the pendnlnm 
not swinging far enough to allow the wheel to 
•scape when the movement ia nearly down ; 
therefore, if the pendulum can be made to 
m^ve with less fHcCion on the pivotr, it 
lunst go easier ; and to accomplish thia, 
take of the pendulam-rod, and on the end of 
the pallet arbour fit a crotch made of fine 
watch pin-wire, by bending about four coils 
round a wire a little smaller than the pallet- 
arboor, and then driving this part on tight 
where the pendulum-rod came off ; bend the 
other part into the shape of a crntcli, like a* 
Dutch clock, bnt not above } inch long, for 
li^tness. 

Drill a hole through the cock as close up 
noder the palUt-arboar hole as possible, and 
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inBert a braea pin, to Berre as a stud to hang 
the pendDlam on b; means of a small piece 
of fine silk passed through two holes in the 
Btad ( in some cases both these holes mast 
be on the under side of the cock, or some' 
times both outside, and sometimes one 
outside and one inaide, to allow the pendu- 
lum to hang clear of the squares, &c^ at 
back, and just clear of back of the case. 
This ia the most difficult part to Ret ri<;ht'. 
Pile a part of pendnlam-rod flat, to preTent 
it turning round in the crutch, and file the 
top round and slight, and make a hook on 
the end to hang it by, and it is done. It 
increases the arc of vibration very much, and 
ia very little trouble ; it can be done without 
even tikinf; the movement to pieces, except 
the pallets. 

For a clock with silk suspension, I always 
set the holes a little askew, so that the silk 
shall be sure to press tight against one side 
of the hole by the mere weight of the pendu- 
lum. 

J. VIRGO. 

Snndridge, Sevenoaks. 



STANDING versus SITTING. 

SiE, — ^Will you allow me, through the 
Sorological Journal, to draw the attention of 
watchmakers to the great advantage and 
comfort of standing up to vrork instead of the 
almost universal prautiue of eitting. I need 
scarcely point out how tiring and fatiguing 
is the position of sitting for eight or ten 
hours a day, bending chest or back over the 
board, especially to finisherB and workmen in 
regular workshops, where there is no opportu- 
nity of moving about. Suffering from this 
tired feeling at the chest, I observed that a 
frieud of mine had his board raised, so as to 
itaud at work, and made the alteration for 
myself to my greatly increased comfort and 
health. Without trying the standing posi- 
tion, many would be inclined to doubt its 
steadiness for turning and general control 
over the work ; but it is remarkable in how 
short a time one gets used to it, and iu no 
_ instHnce have I lonnd any disadvantage 
through standing to work. Although I 
provided myself with a high chair, 1 have 
never had occasion to use it. The sense of 
weariuesB I used to experience has entirely 
disappeared, and I strongly urge all work- 
men to try and judge. 

I am, &c., 
A. D. 
85, Goewell Koad, E.G. 



W» hav» netivtd firom Hr. HsintT A. 
NoaHAK, of Baltimore, U.S^., in reply 
to Apprentice's inquiry, t&e IntmlaHon of 
Saunter's Moth of drawing the duplex etcapt- 
ttunt, at given by W. 0. « tt« April number 
of the Ju UBBAL. We look forward with inlemt 
lo further contributtons from Hb. NoBiiAiT. 

Mb. Knudbes hat favoured us, for pubHca- 
lion, with some interesting letters on the Com- 
pensation Error, writ.'en to han by Mr. G. 
Reilly, who will he remembered as a former 
contributor in this J ovssAL. They toiU appear 
in nut monlh'i tttue. 

HoHOB. — The caliper of a watch hat r»- 
ference to the wheels, piniont, J;c., and their 
arrangement within the frames. 

}ftll any reader of your JocBNAL kindly 
inform me how to bleach a silver dial. — 8.D. 



Died, at bis residence in the Offord Boad,on 
Sunday, the 24th of April, aged 68, Mr; 
William Farmer, mauy years editor of the 
Cltrkenwell Newt, and the first honorary mem- 
ber of the Horological Institute — adiatinGtion 
hewell earned by themostdevoted attention to 
the laborious duties attendant on committee- 
work, during the formation of the Society. 
In fact, so great was his zeal, and ao accnraCa 
were his reports in the papers of that day, 
that he may well be considered one of tH 
first promoteis of the Institute. 

He was, by profession, a short-hand writer) 
and, in his art, unsurpaased for skill ud 
rapidity, and gave up a lucrative practice in 
the Law Courts to follow the fortunes of ths 
Corn-Law League, whose whole carev hs 
reported until the close of that Bnccetsfol 
combination. 

He subsequently settled in Clerkenwell, 
and soon mode himself acquainted with the 
manufacturers and their wants, and conse- 
quently was quick to appreciate the impor- 
tance of an Institute devoted to the coltiv^ 
tion of the sciences involved in the it^ile 
trades of Clerkenwell. 

Although of late years Ur. Fanner did not 
reside in Clerkenwell, he kept up his acquamt- 
ance with a very large circle of friends, and 
was honorary secretary to the Clerkenwell 
Clab from the time of its formation to thi 
day of his death. 

He was buried at Colney Hatch Cemetery, 
on the 29lh of April, and the fnneral ser- 
vice was performed in s most impi«Bsive 
manner over his remains by his fsToniite 
minister, the Rev. Henry AUan, 
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Br permiBdon of Mr. Robert Sabike, a 
partf of tlie members Tisited the British 
Telegraph Manofactory, in the Eoston Road, 
on Wedjiesdaj, 16th June, for the putpoae of 
inspecting Sir Charles "WheatBtone's system 
of magneto-electric clocks and other instra- 
ments connected with electricity, which are 
there prodnced. The de«irability of keeping 
the whole of the clocks in large public bnild- 
icgs, mannfactoriea, &z., at work synchro- 
nonaly has led to nomberleas attempts to 
ensure that end by electrical connection, with 
more or less of success. In Sir Charles 
Wheatstone's arrangement, which we are 
about to desoribe, Uie maintaining power is 
supplied by magneto-electric carrents, de- 
veloped in a coil of wire, which is made to 
oscillate over the poles of permanent mag- 
neta. Each indicating clock is actuated by 
an astatic system of magnetic needles kept 
in continued rotation by these magneto- 
electric currents, and the motion of these 
needles is communicated through s snitable 
tnin to the hands. In this way the whole 
wire drcait remains unbroken, and the 
currents are alternately inverted without an; 
making or re-making of contacts (one of the 
dtief aourcee of &ilure of the electric system) 
being nnployed. 

8iity or seventy clocks or indicators may 
bo actuated by one motor, although, on the 
occasion of our recent visit, bat four or five 
secondary clocks in the bnilding, and one at 
Sir Charles Wheatstone's house, about half 
a mile away, were connected with the driver. 

Fig. 1 is a front elevation of the motor, or 
drinng clock, which consists of a strong 
docfarork movement, supported by the iron 
Hrenofl, A A, and maintained by (Jie weight, 
W. The eaciqiement of this clockwork moves 
the pendolnm, P, the " bob " of which (a 
ooO of fine insulated copper vrire) passes at 
each beat over tlie poles of two curved per- 
manent BiagnetB, M M. When this motor is 
regnlated by a standard or astronomical 
dock, the regulation is effected by raising or 
lowering the centre of gravity of Uie pen- 
dolma, F, by means of a ball kept swingug 
wttb uie pendulum, and the position of wnic£ 
is altend bv the end of a leva*, which, when 
released, &Ui npcm the incline of a notch 



in the disc, B, which rotutcs once in two 
hours. 

This lever is trigged, or set, once in every 
revolution of the disc, B, and is released at 
alternate honre by the electro-magnet, E, 
attracting its arnnture. If the clock is 




Fig. 1. 

keeping accurate time the lever &Us, when 
the current arrives, into the middle of the 
notch. If it is going too slow it falls on tJie 
npper incl ine of the notch, and therebjr raise* 
the secondai; pendulum ; if too Gut it fitlls, 
on the lower incline of the notch, and lowers 
the peodidnm correspondingly. Inthia way 
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the rate of the clock is adjusted every two 
hours. 

Fig. 2 shows the arrangement by whioh 
the regulating hourly current is given by a 
standard clock. The pin, P, on the wheel, 
M, raises the shorter arm of a bell-crank 
lever, which carries a weight, W, and is 
arranged so as to release it exactly at the 
hour when the lever swings and makes con- 
tact with the end, C, of the spring, S, thereby 
closing the circuit of a battery attached to 
the screw, e, of the block, E, and of the 
electro-magnet shown in Fig. 1. 

The ordinary dead-beat escapement was 
found to be unsuitable for the driving clock, 
because of the excessive weight found ne- 
cessary. The escapement eventually adopted 
deserves attention. The pallets are segments 
of circles, and roll upon the teeth of the 
escape wheel ; but as a drawing is necessary 
to properly convey its construction and 




Fig. 2. 

action, we shall refer to it more fully on 
another occasion. 

As the wire bob of the pendulum of the 
motor clock swings backwards and forwards 
(beating half-seconds) over the similar poles 
of the two permanent magnets, M M, alter- 
nate, positive, and negative currents are 
induced in it These currents circulate in 
the wire coils of the secondary clocks, which 
are in the same circuit, ana actuate their 
mechanism. The internal mechanism of the 
seeondary clocks is shown in Fig. 3. It con- 
sists of a coil of wire, 0, with an astatic 
system of needles, N, n «, n 8, on the axis of 
which is a pinion, P, gearing into the train, 
C M, which moves the hands, H and h. The 
wire of the coil, 6, is connected, by means of 
insulated wires, with the coil of the pendulum- 
bob, P, in an unbroken metallic curcnit. 

It is found necessary to employ control 
currents to regulate these motor clocks, which 
would otherwise vary considerably with 
diange of temperature, causing variation in 



the magnetf, M M, and therefore of the re- 
sistance to tnotion of the wire coil of the 
pendulum. When left uncontrolled it is 
found that a lower temperature would cause 
the motor to go slower, whilst a higher tem- 
perature would cause it to go faster— the 
reverse of the effect due to elongation. 
The sudden addition to or subtraction of 




Fig. 8. 

secondary clocks from the circuit also causes 
a temporary variation of the rate of the driver. * 
The addition of secondary clocks to the 
circuit, by lessening the current in the 
circuit, causes the driver pendulum to oscillate 
faster ; the subtraction of secondary clocks 
causes it to beat slower. When the system 
is controlled by periodical currents, any 
sudden change of temperature or resistance 
is quickly compensated, but it is for a ffftr 
hours traceable. 

For instance, in a circuit in which 20 
secondary clocks are driven, and which wis 
varying 1 or 2 seconds per day, on the sub- 
traction of 4 of the clocks, the controlled 
driver lost 10 seconda in the following 24 
hours, but recovered them daring the next 
following day. 

The members were much indebted to Mr. 
Sabine for the pains he took to make the 
visit interesting, and for his explanation of 
the various ODJeots submitted. Next in 
interest after the magnetic clocks appeared 
to be the optical, or polar, clock of Sir Charles 
Wheatstone, of which we hope to get a ftiD 
description i¥om the distinguished inventor. 
A large dial was exhibited — a copy of thatbi 
use at St. Stephen's Club. A hand upon 
the dial points to whatever order of ttie day 
is engagmg the attention of the House, for the 
information of members who may be in die 
club. Specimens of nearly all the trans- 
mitters «nd indicators m use were idso shown, 
and examined with evident fiattt^t by ibe 
members, after which, by meinta of a power- 
ful voltaic batteiy, a terytoiUiaiit^ectric 
light was gienerated betwete dutteoal points. 
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ABSTRACT OF THE REPORT OP THE ASTRONOMER-ROYAL 

To the Board of Visitors of the Eoyal Obserratory, Greenwich, Read at the Annual 

Visitation of the Royal Observatory, 1875, Jnne 5. 



Buildings and GROUNDa 

For the seryice of the clock moyement of 
the great eqnatoreal, as will be hereafter 
explained, a water-cistern has been established 
in the highest part of the ball-tnrret, and is 
supplied with water by ordinary ball-service 
jBrom the Kent Water Works. The height 
of the cistern from the ground exceeds 40 
feet, but the pressure of water in the supply 
pipes at the ground-level is about 100 leet, 
and there is, therefore, no difficulty of supply. 
Care has been taken to increase the protec- 
tion against frost, and to give means of 
emptying the cistern. As the rising supply- 
pipe passes close to the door of the octagon 
room, a hose has been laterally attached 
which can discharge water into the room. 

Movable Pbopbbty. 

Our movable property of general charac- 
ter is in its usual good state, and requires no 
special notice. A portrait of Graham has, 
by the kindness of Dr. Henry Lonsdale, of 
Carlisle, been added to the collection in the 
octagon room. 

For observation of the transit of Venus, 
there were issued from the Observatory 
(besides various instruments constructed for 
the transit, and considered to belong to the 
Observatory, though not yet borne on its 
catalogue), the large portable altazimuth with 
axial view, and several telescopes. The 
altazimuth has been received, but has not at 
the time of my writing been examined ; the 
telescopes are not yet received. 

AsTBONomcAL Insteuments. 

The transit-circle is in good working order, 
and has required very little attention during 
the past year. As regards observations of 
KA!, it demands no further remark. 

Tiie oorrectian of +0'019 or +(/'*28 has 
been applied to the readings for ooincidenoe 
of the nearly vertical wire of the north col- 
limator with that of the south collimator, 
when taken through the pierced cube of the 
transit-circle, as explained in the last report. 

No new determination of the coefficient of 
flexare has been made since tiie date of the 
last report. 

A new and stronger recording-apparatus 
has been applied to the zenith-oistance- 
micrometer ; that first made having be^i ' 
injured by a blow. 

From 1875, January 1, the circle>reading 
for thoJiadir-^point obtervation has been taken 



rev. 



with the circle-reading 179°. 35'. H- 3 
(approximately), instead of 179°. 40'. + 0""- 
(approximately) ; which brings the image of 
the wire more nearly into the centre of the 
field of the telescope, and the divisions of the 
circle more nearly into the middle of the 
field of the microscopes ; the system pre- 
viously used having made the observation 
largely dependent on the value of the 
teles'cope-micrometer-screw, and on the cor- 
rection for runs, as referred to the centre of 
the field. When the change was made it was 
found that the discordance between the 
zenith-points deduced from the nadir-obser- 
vation, and those obtained from the mean of 
north and south stars, changed fix)m — tf'7 
to -f 0"-6 ; an alteration of l"-8. This 
result naturally threw doubt on the value of 
the telescope-micrometer-screw, but a careful 
redetermination of this gave a result almost 
identical with that previously found. As 
there appeared to be no probability of so 
large an error in the adopted division-errors 
of the circle, observations of the nadir-poiat 
were made with the same division in different 
parts of the field of the microscopes ; and at 
the saroe time the runs of the screws were 
taken for readings at the zero and half a 
revolution on each side of it. In both cases 
considerable discordances were found, indi- 
cating an inequality in different parts of the 
threads of the micrometer-screws. It i& 
suggested by Mr. Simms that this is probably 
the effect of wear ; and this idea seems 
admissible, when we consider that the screws 
have been turned nearly one hundred thou- 
sand times, with more frequent bearing at the 
middle of run than at the ends. As a check 
on these results, observations of the nearly 
horizontal wire of the south collimator were 
made, in which the same interval of its 
micrometer-screw was measured in terms of 
the screws of the micrometer-microscopes at 
each revolution in the field of view. They 
are yet scarcely complete, but they seem to 
show clearly that the apparent measure of a 
definite arc varies according to the position 
in the microscopes' field of view, of tne space 
traversed by the micrometer-wires ; increas- 
ing from one side of the field to the other. 
It appears not improbable that we may be 
compelled to introduce new micrometer- 
screwi. 

It is to be remarked that the adopted 
zenith-joints are free from systematic error, 
the nadir observation having been regularly 



164 



THE HOEOLOGICAL JOURNAL. 



[JmiT, 1876. 



corrected for discordance, as found from the 
obserrations themselTes, so that the result for 
zenith-point really depends on observations 
of stars alone which are distributed over the 
whole range of the micrometer-screws. But 
it is possible that the results for N. P. D. 
of special stars may require special cor- 
rections. 

The adjustment of the apparatus for cor- 
recting the barometric inequality of the 
sidereal standard clock appears now to be 
complete ; and the arc of vibration is very 
steady. 

The chronograph is in good order, and it 
has not been found necessary to clean it 
during the past year. 

The altazimuth is in excellent condition. 
The counterpoises of the horizontal axis were 
removed last October, and the instrument has 
been used since that date without them, the 
object being to insure the stability of that 
axis. To protect the supporting bars of the 
upper pivot from the radiation of the axis- 
lamp, which was found to produce a sensible 
effect on the position of the vertical axis, tin 
covers have been made for the iron rods 
forming the upper triangle. The value of 
the level-divisions was tested on November 
20 by Mr. Simms' level-prover, the result 
being that the readings of the zenith-distance- 
levels require a correction of + ^^ to reduce 
them to seconds of arc, whilst those in 
azimuth are sensibly correct. 

A new set of webs was inserted on August 
21, and two others were subsequently 
renewed ; the intervals were determined by 
transits of stars. 

In order to determine the coUimation-error 
independently of stars, the positions of the 
collimating-mark and lens have been altered, 
so as to produce a reversed telescope in a 
horizontal direction. For this purpose it has 
been necessary to raise the dome three inches, 
and view the mark through a hole in its 
curtain. The collimating-mark is to be 
fixed to the chimney of the upper computing- 
room. As this place is somewhat aifficult 
of access, an apparatus, consisting of a gal- 
vanic battery and small induction-coil, whose 
spark will light the gas-lamp, is to be pro* 
vided by Messrs. Comyn, Ching, and Oo. 

I have had it in contemplation to deter- 
mine the error of level of the horizontal axis 
by use of a collimator passing downwards 
through the wall of the room, at an angle 
(approximately) of 45° with the vertical ; 
but no step has yet been taken for carrying 
out this idea. 

The Sheepshanks and Shuckburgh equa- 
toreals are in their usual condition, and are 



available for observation of occultations and 
phenomena of Jupiter's satellites. 

The great equatoreal is in a very satis- 
factory state. Various small alterations and 
additions have been made to it to adapt it to 
the spectroscopic and photographic work, for 
which it has chiefly been used during the 
past year. Amongst these may be mentioned 
a new dew-cap and cover to the object-glass, 
indexes to the slow-motion rods, a sliding 
counterpoise on the telescope to balance the 
spectroscope, a small photographic camera, a 
cupboard for chemicals, movable steps to 
the observing-chair, and a stage for obser?ing 
objects near the pole, which was used for 
Coggia's Comet of last year. 

Mention has already been made of the 
cistern in the ball-turret for supply of the 
water-clock, the necessity for which arose 
from the following circumstance: — ^The 
water-clock was supplied by a small pipe, 
about 80 feet in length, connected with the 
three-inch observatory main (which passes 
through the Park), at a distance of about 250 
feet from any other branch pipe. In spite 
of this distance, I have seen that, on stopping 
the water-tap in the battery-basement under 
the north-east turret, the pressure in the 
gauge of the water-clock has been instantly 
increased by more than 40 lbs. per square 
inch. The consequent derangements of the 
water-clock in its now incessant daily use 
became intolerable. Since the independent 
supply was provided, its performance has 
been most satisfactory. 

A movable weight has been adapted to 
the pendulum for changing readily from 
sidereal to mean solar time. 

For photographing the moon, <&c., I hare 
sketched a slippmg-piece to give a motion to 
the photographic slide in any desired direc- 
tion and with any required speed, keeping 
the moon stationary on the plate. This 
apparatus has not yet been constracted. 

The spectroscope has received some addi- 
tions and alterations, which have been sug- 
gested by practical experience. Some trouble 
was at first experienced from false li^ht, bat 
this has now been entirely got rid of by 
suitable adjustment; and the only defect ap- 
pears to be a want of coincidence between 
the foci in the two planes parallel and per- 
pendicular to the slit, the surfaces of the 
prisms bein^ all slightly cylindricaL This 
IS a fault which exists in all spectroscopes of 
which I have been able to obtam information, 
and, though trifling in amount where small 
dispersive power is used, it becomes impor- 
tant with a large number of prisms (the 
errors being all m the same dir^on), and 
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iaterferea seriously with the definition of the 
solar prominencea. Although a great im- 
provement has been made by re-working the 
prisme, it has not yet been found practicable 
to get rid altogether of this defect; it hae 
therefore been corrected by inserting a cylin- 
drical lens in the collimator- telescope near 
the slit, a delicate adjastment being made 
by varying the distance of tlie lens from the 
sCtJ 

The plan originally adopted, of comparing 
the spectra of stars with that of a vacnam 
tube placed in the course of the rays within 
the telescope, having been found to give 
tmBatie factory resnlts, two comparison prisms 
have been fixed in front of the slit in coa- 
nesion with a coUimating lens, by which an 
image of the comparison-light is thrown on 
the slit immediately above and below that of 
the Etar, in such a way that the cone of rays 
from this image fills the whole object-glass, 
and is thns subject to identically the same 
conditions as the star's light. 

A new micrometer haa been made for the 
spectroscope by Messrs, Ladd and Eilger, 
that originally applied being a very old one, 
which was found to be defective. A small 
telescope has been adapted by Mr, Simms, by 
means of which the dispersion of a half com- 
pound prism can be used, giving a spectram 
of 3 JS, applicable to faint objecte. I' or such 
cases also the original star-spectroscope made 
byi Mr. Simma haa been fitted with a slit, 
which permits the use of a comparison- 
spectrum. 

Mr. Spottiswoode has kindly placed his 
powerfal automatic spectroscope at my dis- 
posal daring the adjustment of the Boyal 
Observatory spectroscope, it being very 
desirable to have some standard of com- 
parison by which to test our instrament. 

A Sprengel air-pump has been made, with 
Mr. Crookes' friendly co-operation, by Mr. 
Bicks, of Hatton Garden, who has applied 
Bome improvements introduced recently by 
Mr. Crookes. 

The refles-zenith-tube is in a satisfactory 
condition. 

The Kew photoheliograph is in an efficient 
state. A spiral spring has been adapted by 
Mr. Simms to the instantaneous slide, in 
place of caoutchouc, which gave much trouble 
Dom its breaking. 

Instead of the Kew photoheliograph, I 
propose to mount the Transit-of-Venus- 
pbotoheliograph returned from Bgypt, aa 
soon oa its optical distortion has been deter- 
mined irom photographs of Mr, De La Rue's 
acale. 

An iostrumeot has been prepared and 



brought into nee for measure of the areas of 
the solar spots in the photoheliograms, by 
comparison with squares engraved on the 
field-plate. The photographic plate is placed 
above a mirror, by which the light of the 
flky is reflected to the eye. 

ASTRONOMICAL OBSBETATI0N8, 

The moon every day, and the sun and 
lai^ planets every week-day, have been 
subjects of regular observation on the meri- 
dian; the small planets have been observed, 
as usual, only in the first half of the Inna- 
tion; having been, however, very rarely 
visible, in consequence of the clondy stat« of 
the sky in the last winter and spring, (The 
observations of other objects have suffered in 
the last six months from the same canse.) 
The stars observed have been fundamental 
stars, and other stars described in the reports 
for 1872, 1873, 1874. 

In order to eliminate (aa far as practicable) 
systematic errors in the determination of 
positions of fundamental stars, the rule has 
been adopted, since the beginning of this 
year, of rejecting the K . A. of all clock-stars, 
as determined from observation, when the 
group does not extend over sis hours at 
least; the more limited groups being used 
only for determining clock-error. At tha 
same time, in order still further to link 
together stars differing in R. A, by twelve 
hours, the assiduous observation of pairs of 
circauipolar stars above and below the Pole 
has been continued on the system introduced 
in 1872. 

Many of the stars in the old working 
catalogue having been sufficiently observect 
a new one has been prepared, containing, in 
addition to the clock-stars, about 1,500 stars 
of which further observations are required. 
Many of these, however, require only a single 
observation. ITiis list will probably last till 
the next general catalogue is formed, per- 
haps at the end of 1877, 

A series of measures of cusps were made 
with the great equatoreal during the eclipse 
of the suu last October, from which the cor- 
rections to the moon's tabular R. A. and 
N. D, P. were found ; the corrections to the 
diameters of the sun and moon being assumed 
from the results of the eclipse of 1870, which 
was much more favourable for the determinO' 
tion of these elements. 

Spectkoscopic ahd Psotoohaphic 
OBSEavATiosa. 

With the spectroscope the solar pro- 
minences have been mapped on iS days only > 
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but the weather of the past winter was ex- 
ceptionally nnfayonrable for this class of 
obserration ; and, before the appointment of 
a computer as photographic assistant, Afr. 
Mannder's time was much occupied with 
photography, so that the best hours of the 
day were sometimes lost. After mapping the 
prominences, as seen on the C line, the other 
lines, especially F and b, have been regularly 
examined, whenever practicable. Great care 
has been taken in determining the position, 
angle, and heights of the prominences in all 
cases. Hitherto there has not been much 
opportunity of examining sun-spots with the 
spectroscope, but a few observations of this 
kind have been made. At Prof. Clerk- 
Maxwell's request, some measures of the 
breadth of different Fraunhofer lines have 
been made, but nothing of value in this direc- 
tion can be obtained unless the sun is high 
and the air very pure. 

In all this work, the power of readily 
changing the number of prisms employed has 
been found very useful, as it is impossible to 
ase high dispersive power with advantage 
when the sky is hazy. 

The spectrum of Coggia's Comet was 
examined at every available opportunity last 
July, and compared directly with that of 
carbon dioxide, the bands of the two spectra 
being sensibly coincident. Decided polarisa- 
tion in a plane passing through the sun was 
found in the coma as well as in the tail of this 
comet, a double-image-prism being used for 
this observation. 

CnnoNOMETEES, Time Signals, Regula- 
tion OF External Clocks. 

The number of chronometers now in the 
chronometer-room is 143, consisting of 133 
box-chronometers, 3 pocket-chronometers, 
and 7 deck-watches. Of the box-chrono- 
meters, 49 are the property of chronometer- 
makers, who have placed them on the annual 
competitive trial ; all the others are the 
property of the Government. The competing 
chronometers, and others which seem to 
require it, are compared with one of the sym- 
pathetic clocks of the mean-solar-standard- 
system every day; all others every week. Every 
chronometer undergoes trial, at least for one 
period of three weeks, at temperature 
approaching 95° ; some are exposed for cold 
to the open air ; but no artificial cold is ever 
used. All new chronometers are tried with 
the XII. hour N, E, S, and W. 

The stock of chronometers is usually kept 

up by purchases of the best chronometers 

fh)m the competitive trial, at premium-prices 

'snbmitted by me to the Board of Admiralty. 



Sometimes cfaionometerB are purchased, on 
trial, from Navy oflBcers. On some few coca- 
sions (as the Chinese war) large nnmben 
have been bought hastily ; and in the sprinf 
of this year, 22 chronometers being demanded 
for the Arctic Expedition, 73 chronometers 
were immediately put on trial for selection of 
22 to fill the place of those required. 

One solar and one sidereal chronometer are 
now withdrawn from the general stock, for 
the service of the Observatory. 

The error-numbers of the chronometers in 
the competitive trial of 1874 are somewhat 
greater than those of several years past. The 
difference, however, is small ; about one-tenth 
part of the whole. 

The interruptions in the daily drop of the 
Greenwich time-ball from high wind have 
been only 6 in number. 

The Deal time-ball was not raised (on 
account of the violence of the wind) on 5 
days ; and was not dropped or was erroneously 
dropped on 7 days, from an omission of con* 
nection of the wires. On 45 days the current 
failed to release the trigger without assis- 
tance from the attendant, principally from a 
defect in the wire within the town of Deal, 
for which a new one has now been sub- 
stituted. The ball tower at Deal has 
undergone some repairs. 

The general system of time-signals, origi- 
nating at this Observatory and disseminated 
by the Post-Office-Telegraph through the 
whole of England, and to Scotland and 
Ireland, was so fully described in my last 
report that I need not to enter into it further 
at this time. I shall only remark that the 
system continues to spread, and that it ap- 
pears to be now a valuable national instita- 
tion. 

It has been explained in former reports 
that sidereal clocks in the Observatory (as 
far as necessary) are connects galvanically ; 
that all the mean solar clocks are connected 
galvanically ; and that, after due comparison 
of clocks of the two classes, all the latter are 
brought to accurate time by galvanic action 
on the pendulum of one. Advantage is taken 
of the same principle when any occasional 
wants arise ; as for hourly signals to the 
Magnetic Observatory, signals at every second 
to one of the Transit-of-Yenus huts, &c 

The Lombard Street clock has been main- 
tained in all the accuracy that is required for 
post-office purposes, with scarcely a failnre ; 
and the Westminster dock has been ao well 
regulated, under the check of antomatio 
report to this Observatory, that on 88 per 
cent, of the days of the year its error is below 
one second. 
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Proposals have beea made for galvanic de- 
termination of the longitude of the Dablin 
Observatory, and the operation is delayed 
only for convenience in the arrangements to 
be made in Dnblin. 

The principal gdvanic operation of the year 
has been, however, that connected with the 
Egyptian stations for the transit of Yenus. 
On the part external to England I shall speak 
hereafter ; at present I allude only to the 
English part. By the assistance of the Post 
OfSce, uninterrupted metallic communication 
was made between this Observatory and the 
telegraph statiii^ (^f the Eastern Telegraph 
Company at Poqidl^ Cumo, a small bay a few 
miles east of the Land's End. Mr. Ellis 
proceeded to this station, carrying proper 
chronometers, and signals were made to and 
ftom the Observatory, and were observed at 
both ends. On the same evenings, signals 
were passed between Porth Curno and 
Alexandria, and were observed at both 
stations. These two series of observations, 
though made by the same person at Porth 
Oomo, and strictly part of the same system, 
were entirely independent ; as, for the safety 
of the submarine wires, it is not considered 
prudent to connect them with open-air wires 
on land. 

EXTRANEOUS WORK. 

The first subject to which I have to advert 
is the observation of the transit of Venus. 

The parties from Egypt (A) and Bodriguez 
(fi) are returned, with their instruments, &c.; 
and the instruments, &c., are returned from 
New Zealand (D). I am in continual ex- 
pectation of the arrival of the other parties. 

With regard to Egypt, the first point to 
be insured was the determination of the 
longitude of some one station. The sub- 
marine telegraph is, for commercial use, 
broken up into several parts. I have had 
experience of the troubles incident to the 
use of a broken line, and I determined to 
rely on purely astronomical methods, unless 
we could transmit signals in an unbroken 
line from Cornwall to Alexandria. This 
was no easy matter ; the line is longer by 
several huAdred miles than any other sub- 
marine line which has been so used ; and 
the wire, as I understand, is smaller in 
section than any other long wire. I cannot 
say how much 1 am indebted to the assist- 
ance of the Eastern Telegraph Company, 
of their officer at Porth Cmrno, and of C. 
F. Tarley, Esq., who aided us with his 
counsel, and who lent us (for experiment) 
his great resistance-apparatus, imitating the 
effect of a submerged wire, and other 
apparatus. In the actual operation, Mr. 



Ellis at Porth Curno received simals from 
Greenwich and sent signals to Alexandria ; 
Mr. Hunter received them at Alexandria, 
and sent signaJs to Ci^tain Orde Browne's 
observatory on the Mokattam Hills above 
Cairo (to which the Khedive had constructed 
a telegraph for the use of the Expedition) ; 
and communication was thus made both ways 
between Greenwich and Mokattam on the 
same night. This was repeated four times. 
I shall not delay further than to remark 
that I believe the eye-observationa and the 
ordinary photographs to be quite sucoessfql ; 
that I doubt the advantage of the Jansieii ; 
that one of the double-image-micrometers 
(an old one, very ill made, in whose con- 
struction I had no part, and which I had 
not seen) seems to have failed; and that 
the zenith-telescope gives some trouble. 
The Suez station, I expect^ will well oonneot 
us with the stations in the Indian and 
African seas. 

At three stations at C, Rodriguez, and 
three at E, Kerguelen, the observations 
appear to have been most successful. At B, 
Sandwich Islands, two of the stations appear 
to have been perfectly successful (except 
that I fear that the Janssen has failed), and 
a rich series of lunar observations for longi- 
tude is obtained. At Bodriguez, besides our 
own lunar observations, we have good com- 
munication by chronometers with Lord 
Lindsay's stations. At Kerguelen I believe 
that the longitudes of the foreign stations 
will depend on ours. At D, New Zealand, 
I grieve to say, the observations were totally 
lost, entirely in consequence of bad weather. 
The arrangements made by Major Palmer 
for establiSiing his own stations, for organiz- 
ing the whole country into an assembly of 
obserFcrs, and for removing every obstacle 
that could be foreseen, were most admirable, 
and might well be taken as a model for 
future operations. But in the whole length 
of the southern island not an observation 
was made, except an imperfect series by the 
American party at its southern extremity. 

There has been little annoyance from the 
dreaded " black drop." Greater incon- 
venience and doubt have been caused by 
the unexpected luminous ring round Yenus. 

From mechanical or optical causes which 
Captain Abney has not yet overcome, we 
have not yet perfectly succeeded in the 
observations for examining photografdiic 
distortion. 

Mr. Simms ia preparing, under my 
direction, an instrument for measuring the 
distance of the centre of Yenus upon the 
photographs from the centre of the sun. 
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The second matter is the progress of my 
proposed new lonar theory. 

Basing my application npon the resolntion 
of the Board of Visitors at -their last meet- 
ing, I snbmitted to the Admiralty, and 
tlm)ngh them to the Treasury, a request 
for assistance in carrying on this work. 
After necessary explanation, the Treasury 
sanctioned the expenditure of a su£Bcient 
sum in the then current financial year, and 
permitted the insertion in the Navy esti- 
mates of a statement for grant to cover 
expenses during the present financial year. 
Three computers are now steadily employed 
on the work. 

It will be remembered by the Visitors 
that the detail and mass of this work are 
purely numerical ; every numerical co- 
efficient being accompanied with a symbolical 
correction whose value will sometimes depend 
on the time, but in every case is ultimately 
to be obtained in a numerical form. Of 
these co-efficients, extracted (for convenience) 
from Delaunay's results, there are 100 for 
parallax, 182 for longitude, 142 for latitude; 
the arguments being preserved in the usual 
form. On the left side of the three equa- 
tions all the raisings of powers, multiplica- 
tions, and differentiations, are performed ; 
using for the last unit 10-^ and, where co- 
efficients are diminished by differentiation, 
using a more advanced figure (this last 
operation not quite perfect at the present 
moment). On the right side or side of 

Sirturbing quantities the powers of the sun*s 
stance, <&c., are introduced, but the 
functions of angular distance between sun 
and moon are not formed. Of the sym- 
bolical corrections, which for the co-efficients 
are introduced step by step, nearly one-half 
are prepared ; those for arguments (which 
are very much simpler) are not yet touched. 
The oblateness-terms admit of being treated 
almost independently, and I had myself 
advanced considerably with them, but a 
sudden influx of business compelled me to 
lay them aside, and I have not yet returned 
to them. 



On Tuesday, July 20, the 17th annual general 
meeting of members of the British Horolo- 
gical Institute will take place. As will be 
seen by advertisement in this number, im- 
portant vacancies have to be filled, and other 
business to be transacted, rendering the 
occasion one of particular interest. 

On Tuesday, July 27, a party of the 
members will visit the Clock Factory of 
Messrs. Oillett and Bland, at Croydon. 



AN ELASTIC FEBTJLE. 

The ferule I am about to describe is an im- 
provement on one given in a series of articles 
m Saunier*s '' Manuel de Horolorie," under 
the title of ** Our Little Tools." It is made 
of brass, with one hole pierced in the centre, 
and another as near the edge as possible. The 
larger this latter is, the greater will be the 
flexibility of the ferule. It is cut open with 
a thin saw, as shown* and a screw fitted. 
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One great advantage is its narrowness, 
and, being made of brass, it will not injure 
or mark the staff or pinion to which it may 
be fixed. It will be found very handy for 
jobbing, or even in the first stages of pivot- 
ing. The centre hole may, of course, be 
made large enough to allow the body of a 

Einion to enter ; but in this case the outer 
ole must be reduced in proportion. 

A. DALDORPH. 



The following statement made in 1865 by 
Mr. Yarley, which has been handed to us by 
a correspondent, had reference to the time- 
ball at Charing Cross, which is now removed, 
but is none the less interesting, as most of 
the observations would apply to time-balls 
generally : — 

" The exact time is telegraphed every honr 
from Greenwich, and as long as stellar obser- 
vations can be had, everv night ; the time-ball 
is discharged at exactly 1 p.m., but if the 
weather is bad enough to interrupt the obser- 
vations, error will ensue. The greatest error 
acknowledged b^ the Astronomer-Boyal, 
from this cause, is 1^ seconds, which is the 
greatest accumulated error arising from the 
longest interruption. A constant error of 
i second arises owing to that time being lost 
in the working of the detent which discharges 
the ball and in the imperceptible motion of 
the ball before its descent becomes visible 
to the eye. A farther interval of nearly 
i second is due to the time taken up in the 
acbiowledgment hj the mind of what tJie eye 
sees, so that the time when the ball appears 
to begin its descent is nearly 1 second alow.'' 
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All Letters to be addretsed to the Editor, at the 
Institute, 35, Northampton Square, E.G. 



THE COMPENSATION ERROR. 

Sib, — Some years ago I had the pleasare 
of getting acquainted with a gentleman who 
was a ciyil engineer, and at the time living 
in London. We had some conversations 
abont chronometers, and several letters on 
the subject of the imperfections in the com- 
pensation for heat and cold passed between 
ns. With one exception, I did not take 
copies of my own letters, and have forgotten 
what I wrote, but I believe we did not agree. 
I have, however, preserved the letters of my 
correspondent, and as they would most likely 
be just now read with interest by persons in 
the trade, I have sent them to you, if you like 
to publish them. 

I am, &c,y 

P. KNUDSEN. 
24th May, 1875. 

1, King's Bench Walk, Temple, E.G., 
16th May, 1866. 

Mr. Knttdsen.— Dear Sir, — You will 
perhaps remember some conversations we 
nad on the subject of the compensation- 
balance some months ago, in which I quoted 
the dynamical law, which I had thought was 
universally accepted by all horologists, that 
the resistance of the balance to the elastic 
force of the spring varies directly as the 
square of the radius of gyration. This I 
understood you to deny, on the ground that, 
if it were true, the chronometer would gain 
in extremes of temperature if adjusted 
correctly for a mean range of temperature. 

I promised that, as soon as I could find 
time for the purpose, I would send you a 
mathematical demonstration proving the 
oontraiT, namely, that the chronometer 
would tose in extremes (as it is well known 
in practice to do), solely in consequence of 
the law before mentioned. I have been too 
much occupied to turn my attention to this 
subject until recently, but I will now put the 
aigoment in as few words as I can. 

For the sake of simplicity, it will be 
necessary to make three suppositions, neither 
of which are realised in any actual com- 
pensation-balance. 

(A) JEr«^— That the ivhoh weight of the 
bdanoe is concentrated in the compensation 
weigbta which are movable to and from the 
uda bj the expansion and contraction of the 



compound laminso ; the staff arms and rim 
must thus be, for the sake of argument, sup- 
posed to have no weight. 

(B) Secondly — ^That all the compensation 
weights are merged into one single weight, 
and that the weight of that single one is 
concentrated in one physical point, viz., its 
centre of gravity. 

(0) Thirdly— Thht this theoretical com- 
pensation weight (as it may be called) is 
moved by the action of the compound laminss 
exactly in a straight line, and in the direction 
of the radius, and also by equal increments of 
distance for equal increments of temperature. 

All these assumptions are favourable to 
your own conclusion,^ because if I can satisfy 
you that, notwithstanding these assumptions, 
the law before mentioned makes the chrono- 
meter lose in extremes (instead of gaining, 
as you thiuk it would), it will be easy to 
show that the real balance will lose still 
more in extreme beat, and will still lose in 
cold, but in a less degree. 

Now, it is well kuown to }ou that the 
elastic force of the spring acting upon the 
balance varies inversely as the temperature, 
and therefore if the compensation were 
perfect for all temperatures (that is, if there 
were no secondary error), the resistance of 
the balance to the impelling force of the 
spring ought also to vary inversely as the 
temperature. The measure of that resistance 
is a well-known mathematical quantity called 
the "moment of inertia" of the revolving 
body, and is expressed either in units of 
weight or units of miss^ whichever is most 
convenient for the problem in hand, the 
former being the most convenient for the 
present purpose. 

On account of the first and second sup- 
positions (A and B), the centre of gravity of 
the theoretical compensation weight is also 
the "centre of gyration" of the entire 
balance,t that is, of the entire revolving 
body which resists the force of the spring. 

Now, the "moment of inertia" of any 
revolving body is its weight multiplied by 
the square of its " radius of gyration ** (that 
is, the distance of its centre of gyration from 
the axis of rotation). 

* By this I mean that the preceding supposi- 
tions would, if true, make the chronometer lose 
in extreme heat less than it really does in actual 
practice. 

t The nature of the simplification acquired by 
means of those suppositions is evident from con- 
sidering the fact that the position of the centre of 
gyration of any compensation weight, relative to 
the dimensions of that weight, changes with 
every change of radius produced by cnange of 
temperature. 
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Now, let as consider what changeB in- the 
amount of resistance to the force of the 
spring of this theoretical balance take place 
when the spring is snbject to saccessive 
changes of temperature of eqtial amount, sup- 
posing that the chronometer is adjusted to 
mean time in mean temperature. 

Let B = radius of gyration corresponding 
to a mean temperature T, 

that {f "[2^} of T. 

(mcreasej 

Then when the temprature = T, 
the radios of gyration = R. 

When the temperature is increased or 
diminished to T +_/, 

E is diminished or increased to E +~r ; 

When T becomes T +^ 2 /, 
then R becomes R + 2 r ; 

When T becomes T +_3 /, 

then E becomes R ^3 r ; 

and so on for farther equal increments of T 
and R. 

Let W = the weight of the theoretical 
compensation weight (see B), 

„ I = its moment of inertia for some 
mean temperature T, 

„ Ii = ditto for temperature T 4- /, 

„ L = ditto for temperature T 4- 2/, 

„ I3 ditto for temperature T + 3t, 

„ I4 = ditto for temperature T + 4/, 

and so on for farther equal increments of T. 
Then I = W R^, 

I, = W{RTrp . 

= W{R- + 2Rr H-r) 
I2 = W{R + 2r}» 

= W (R2 + 4 R r + 4 r2} 
I, = W{RT 3ry 

= W {R2 + 6 R r + 9 ;^} 
I4 W {E + 4 r}2 

= W{E? + 8Er + 16r2} 



•^ 

* The + sign corresponda to "increase," 
-sign to ** decrease." 



the 



and so on for further equal inorem^ita of T 
and S. 

Now, if we take the differences between I 
and Ii, Ii and !,» I^ and !» ajiid so on, we 
find that those differences increase, and the 
differences of these differences (to use a 
clumsy but easily understood expression) 
increase as we adyanoe from ttie mean 
towards either extreme of tanperatiire^ in 
proportion to the following nmnberB aoooefr* 
siyely — 

3, 5, 7, 9, 11, 13) &C., &0. 

That is to say, the IS^!^) of I for the 

"' ( increase j 

than that for the first by thequantity 3 Wr ; 
also that for the thud is { JJ^JJ^} than that 
for the second by the quantity 5 W H ; that 
for the fourth is { J^^} ttan that fbr the 

third by 7 W 1^ ; and so on^ 

Therefore, if the resistance of the balance 
is adjusted correctly for the first equal incre- 
ment (whether increase or decrease) of 
temperature, it is too great for the second, 
still more too great for &e third, still more 
for the fourth, &c., &c. 

Hence the chronometer must lose in both 
extremes if adjusted correctly for a mean 
range of temperature, as it is well known in 
practice to do, and the preceding theory is 
shown to be consistent with the obs^?ed 
results of actual practice. 

But you may now object that the preced- 
ing result is deduced from the consideration 
of a certain ideal balance, impossible to con- 
struct, depending upon the suppositions A, B, 
and 0, page 2, and therefore inapplicable to 
the case of any actual balance. But it is 
easy to see that the actual balance will lose 
still more in heat than the theoretical one, 
but it will lose less in cold* ; becaose the 
moment of inertia of the fixed parts of the 
balance remains nearly unaltered by the 
changes of temperature, and, moreover, the 
motion of the compensation weights is not 
exactly in the direction of the radius. The 
counteryailing influence of the fixed parts (k 
the balance is apparent in the experiments by 
Mr. E. Webster, published in iheMaroUjiicttl 
Journal for last April. 

If you have time and inclination to pnrsae 
this subject, I shall be delighted if yon can 

* But it will still lose in cold within the luoal 
possible ranffe of temperature, beoauae the range 
within which the balanoe eamaada andoealncts 
is only small, but this loss wui be ooiapinlmly 
less ihaa the loia in liMt. 
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I hole in my argument^ and will, as 
lenity may serv^ give my best atten- 
9 any reply yon may ohoose to put on 
YouiB very trniy, 

C. REILLY. 

> — I was not very well at the time I 
ed your commnnication abont com- 
/ion-balances, and it prevented me 
g your letter with proper attention 
implying with yonr request to state my 
m on your arguments. I see, however, 
that you misunderstood me in what I 
led to prove. It had been stated to 
y peveral chronometer makers that 
ses followed the same law as pendu- 
and that, in consequence of this, the 
» of gyration of a balance required to 
ved four times further from the centre 
tion if a balance should be made to 
e as slow again, and that this was 
Ause of chronometers going slower in 
ae than in middle temperatures. I 
Btood you to be of the same opinion, 
- was this I wanted to prove could not 
rrect, and that chronometers in that 
would go faster and not slower in 
ae temperatures. But as yon are 
bly of the same opinion as myself on 
point, it will, perhaps, be nnnecessary 
le here to prove it. I think it very 
ble that chronometers go slower in 
ae temperatures through the canse yon 
I to. I thought myself pretty well up 
chanical knowledge, but I have either 

known, or have forgotten, the law 
ed to, which law, I suppose, is in con- 
ace of an alteration in the centrifugal 

It is singular that in a revolving 
the effect should be quite the reverse 

a pendulum. For we find a half- 
is' pendulum requires to be 9i inch ; a 
is', 39 ; a second-and-a-half, 90 ; and 
►-seconds' pendulum, 15 G inches long ; 
iaSy in a balance the distance between 
mtre of gyration and centre of motion 
increase, but in a decreasing propor- 
if we shall obtain equal increasement 
le duration of the vibrations. The 
3nsation of a chronometer, however, 
be affected by other causes as well as 
3 dynamical law. For if it were alone 
nseouence of this law the effect, I 
bena, would always be alike. But I 
seen some chronometers with ordinary 
msation-balances go only about 2 
is per day slower in 32° and in 100° 
in GG^, and others where the difference 
mounted to as much as 5 or G seconds 
ly ; and this has not appeared to be in 
inence of any particnlary size or weight 



of the balanoes employed. It is not unlikely 
that some balance-springs by changes in tem- 
perature may warp a little from their shape in 
middle temperature, whereby the pivot friction 
on the balance pivots maj get increased in 
extreme temperatures, and that this may 
retard the vibrations. But, if it shonld not 
originate from this cause, it may be that 
some balances bend widi greater regularity 
than others, through a difference in the 
metals of which t^e rims are composed. 
There is also another thing which may affdct 
the compensation. If the line a a represents 
the arms of a balance, b the centre, and e d 
one of the compensation rims, standing 
circular with the centre in a middle tempera* 
ture of 66°, and we suppose that rim, by a 
change in temperature of a certain number 
of degrees below middle temperature, moved 
out to 6, it woidd, in the same number of 
degrees above middle 
temperature move ml 
toy; for (J e and c /are 
of the same length 
2& c d when measured 
along the lines, and 
are part of circles, of 
whicn one is as much ^ A 
larger as the other is 
smaller than the cir- 
cumference of the 
balance in middle 
temperature ; and 
when we now measure 
the distance from the 
centre h to/d and e, wo 
find that a compensation weight placed on 
the rim, in moving from d to /, must move 
through a greater space and approach the 
centre of the balance in a greater ratio than 
in moving from e to d ; and it appears, 
therefore, if the rims bend with regularity, 
an ordinary compensation-balance must act 
more in temperatures that are above than 
below middle temperature, and that this 
increases by a long action of the rims. I 
believe balances on the flat principle must 
be the best. For as metals do not bend by 
changes in temperature, but only expand and 
contract, to the free expansion of the brass 
part of the rims, from which the moving 
power emanates, must be opposed a resistance 
equal to the force required for displacing the 
particles in the metals from their natural 
positions; and as the displacement mnst he 
greater in bending into a smaller than ont 
U) a larger circle, the resistance will also be 
greater, and the balance may from that canse 
act less in high than in low temperatnres. 

I am. Bitf yonn^ ACi 

F. ENUDSEN. 
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1, King's Bench Walk, Temple, E.G., 
Angnat 4tb, 1866. 

Deab Sib, — I only receired your letter, 
dated 25th alt., yesterday. I am at present 
too mnch occupied by important mattere to 
give that attention to the snbject which it 
reqnirefl. As far as I have been able to see 
&om one pernsal of yonr letter, there are 
some things in it with which I agree, others 
in which I differ from yon. 

There is leatly a complete analogy between 
tiie action of the pendnlnm and the compen- 
sation-balance, althongh tbo calcalations 
asanme a somewhat different appearance ; 
and, moreover, centrifngal force is not the 
cause of the peculiar action of the compen- 
sation-balance, althongh that force acts in 
certain ways upon both the pendalnm and 
the balance. I will, sometime when I have 
more leisure, write to you fully on this sub- 
JBct, and I shall be very happy to continue the 
disciiSBion of these points with yon ; they 
are interesting to both of us, and we shall 
both learn from it knowledge that it is 
osefnl and pleasant to possess. 

If yon think my tetter worth publishing, 
yon are quite welcome to send it to the 
Horological Journal, Ton will no donbt 
pve the writer's name, and a short explana- 
tion of the circumstances which caused the 
letter to be written, 

"With thanks for your explanations, 
I remain, yonrs truly, 

Mr. F. Kkudsen. 0. REILLT. 



1, King's Bench Walk, Temple, E.C., 
August 10th, 18G6. 

Me. Knudsen.— Dear Sib,— I am favoured 
with yonrs of the 0th inst., and in reply I hope 
yon will allow me to remark that you have 
taken menp rather sharply about the subject 
of pendnlnms, seeing that my note of last week 
was merely an acknowledgment of the receipt 
of yonrs dated July 25tn, and contained a 
promise that, as soon as my leisure wonld 
permit, I would write you fully on the 
Hnbj'ects touched upon in your own letter. 
It was no reply to yours, merely a promise 
that I would reply at the first opportunity. 

I do not know what words I nsed in 
mentioning the subject of pendulnms, as I 
did not keep a copy of the note ; bnt you 
must bear in mind that onr ailment was 
on the subject of the compensation for tem- 
perature, nothing else ; and what I intended 
to say was that the compensation of balances 
and of pendnlnma followed the same law, 
and that there was a complete analogy 
between them. And so I believe. Bnt there 
la this difference between the calcalations. 



that in the case of peBdnlnms the third tent 
on the right-hano side of the eqaation 
(which third term it is that ezplauia the 
secondary error of chronometers) u so Toy 
small tmt it may be neglected, and ac- 
cordingly it is cast out of the calcoladon. 
Bnt the law itself is present all the same. 

Now for a few words on the sabject of the 
times of vibration of balances. What I 
remember to have said in conversation witii 
yon months ago on that subject was that the 
times of vibration of balances of different 
diameters bat the same weight are in direct 
proportion to the squares of the radii of 
gyration, supposing them to be controlled 
by the same spring. And that I believe to 
be true. The general law is, that tho Hma 
of vibration vary a» the moment of irurHa of 
the balance directly and as the Jbret of the 
spring inversely. 

Ton and I agree on this point, I believe, 
because the rough experiment with b piece 
of spring and a stick which yon ahowM me 
some mouths ago is in accoraance with (be 
above theorem ; bnt at the time I did not 
succeed in understanding what yon intended 
it to represent. 

To show the same thing mathematical!;, 
suppose we have a balance vibrating i 
seconds, and of 1 inch radius ; another 
balance to Tibrate seconds, with the same 
spring, and, being the same weight at the 
first, must have twice the moment of inertia 
of the first. That is to say, if 

I is the moment of inertia of tJie i 
seoonds balance, 

R its radina of gyration, 

W its weight, and also the weight of the 
others, 
the moment of inertia of the aeconds' 
balance must 

- 2 I = 2 R' W. 
Then if we call B, = the radius of gyration 
of the whole seconds' balance, R, that of a 
balance of the same weight to Tibrat« two 
seconds, B, that of one to vibrate three 
seconds, and so on, we should have 
I^W = 2I = 2R'W 
/2R="W I 
andR,= J = JSR- = 1414inches, 

becanse B = 1- 



Again B, : 

and B, - 
and so on. 



^6 R' = ^ti 



4E* = 2inche!, 
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Of course this is a yery different thing 
from the case of the pendnlnm. In that 
case the radius of oscillation of the pendnlnm 
varies as the square of the time of vibration. 

I should like very much to explain to yon 
clearly the reason why the moment of inertia 
is the measure of the resistance of a re- 
volving body, but I must postpone that 
pleasure until I have more leisure for the 
purpose ; because a short explanation would 
mvolve necessarily the use of the integral 
calculus, which perhaps you are not familiar 
with ; and an explanation which required 
only simple algebra and geometry would be 
a long one. You would then perceive that 
centr&ugal force is not in question at all. 

With regard to the other matters alluded 
to in your letter of the 25th ult., I agree 
with you that there are causes at work affect- 
ing the errors of chronometers, other than the 
theoretical one discussed in my first letter. 
Two chronometers, having apparently the 
same balance, escapement, spring, and 
motive power, may yet show different 
amounts of error under the same circum- 
stances ; but do not you think that those 
differences which you observe in such cases 
are owing to small imperfections in different 
parts of the mechanism, particularly in the 
balance-spring — imperfect isochronism for in- 
stance — Buchimperfections being sosmall]that 
they elude the eye of the best artist ? Very 
minute differences in the proportions of the 
fixed parts of two balances intended to be 
duplicates of each other will affect the 
moment of inertia in different temperatures, 
so that the variation in that quantity will 
be different in the two balances for the same 
variation of temperature. 

I have exammed your diagram of the 
motions of the rim of a balance, and no doubt 
it quite correctly shows what, in fact, I men- 
tioned in my &:«t letter, namely, that the 
motion of the compensation weights is not 
in tiie direction of tne radius exactly. 

It also shows clearly that the motion is 
less and less the further it extends from the 
centre, and that it is greater and greater as 
it approaches the centre. And this variation 
again would differ according as the weight 
was put nearer or farther from the cut in 
the nm. If the extent of motion caused by 
change of temperature was considerable, then 
the effects shown in your diagram would 
tend to partially counteract the secondary 
error ; but as the extent of motion is in 
reidity extremely small, it is doubtful 
whether those effects have room to make 
themsalves felt. 

I have been led on by the interesting 



nature of the subject to make this letter 
a tediously long one ; but I hope you will 
excuse that, and not read more than you 
like of it. 

Tours, very truly, 

C. EEILLT. 



Sib, — I observe that some of the corres- 

Sondents of the Horological Journal^ who are 
ebating the middle temperature error of the 
chronometer, are perplexed to know what law 
of motion it is which the inertia of the balance 
obeys ; and whether, in order to compensate 
for the variation in the force of the balance- 
spring, the weights of the balance ought to 
approach the centre in an arithmetical or a 
geometrical ratio. I will not presume to 
offer an opinion of my own on this question, 
but I would rather refer any one who is in- 
terested in the matter to Mr. Denison's 
'^ Rudimentary Treatise on Clock and Watch 
Making," published by Weale, in 1850, and 
there they will find that the question is clearly 
stated and determined. At page 160, Mr. 
Denison, writing on the compensation of the 
balance, says : " // is true of a balance as of 
a pendulum^ that if it were composed of rods 
or spokes without weighty and a rim consisting 
of a single heavy line, or even a line with weight 
in only one point, the time of its revolution 
would depend (the force being the same) solely 
on the square of the radius of the rim*^' And 
again, at page 163 of the same treatise, Mr. 
Denison says : " The inertia of the balance de- 
pends on the square of the distance of ffis 
weights from the centre,*^ This is as plain 
and explicit as anything can be, and is quite 
conclusive of the matter. I have not seen 
any subsequent edition of Mr. Denison's work, 
but that which was true in the year 1850 is 
true now in the year 1875, and I therefore 
submit that chronometer makers cannot do 
better than base their calculations, and their 
reasoning, and their practice upon what Sir 
E. Beckett has said in these quotations, and if 
they persevere, no doubt the obstinate middle 
temperature error must ultimately yield to 
their efforts ; that is to say, of course, if they 
should live long enough. 

HENRY PHILLIPS PALMER. 
Leominster. 



COMPENSATION ADJUSTMENT BY 
THE ASTRONOMER ROYAL. 

Sib, — It has for many years been the prac- 
tice at the Roval Observatory to test for 
compensation all Roval Nayy chronometers 
after repair, and all chronometers sent to the 
Observatory for trial, and long experience in 
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rating these chronometen, htm dMMm ihat 
whilst freedom from irre^larities depending 
on mechanical causes is most remarkable, 
there is frequently defect in the thermal ad- 
justment The ordinary balance can be made 
accurate only within certain limits, because 
of the secondary error which so many makers 
have, by auxiliaries of yarious kinds, en- 
deavoured to correct ; but the limit of attain- 
able accuracy in the ordinary balance is often 
not reached because of the difficulty of 
making with certainty the small final aajust- 
ment in the positions of the compensating 
weights, whilst there is the additional dis- 
advantage of possible disturbance of the 
equilibrium of the balance. 

The considerations mentioned having long 
been felt by the Astronomer Royal, he has 
recently proposed a plan for more easily and 
cerUdnly making the final compensation ad- 
justment, which, having received the approval 
of some able chronometer makers, may be of 
interest to many readers of your journal. 

The construction is shown in the annexed 
diagram, in which is figured as much of the 
balance as is necessary to a clear understand- 
ing of the new attachment. 




A A is the balance arm ; B B the compen- 
sated rims carrying the ordinary compensation 
weights C C ; D is the balance axis or staff. 
The new attachment consists of a a, an arm 
which can be turned with stiff friction on the 
staff ; b I steel springs attached to a, just 
strong enough to keep the small weights c c 
dways in contact with B. The weights c 
might probably be one-tenth of the weights 
C, or even less. 

To adjust the compensation, the weights 
c should be placed somewhere near the middle 
position between the arm A and the weight 
C| and the compensation made as nearly ac- 
curate as may be by the weights G» Then if 



the compensation is foimd to be insafficient, 
torn the arm a so as to moTe e nearer to C ; 
if the oompstttion has been OTerdoDe, torn 
a so as to mx3('9% e firom C No other adjust- 
ment will be disturbed. 

The plan will probably be fomd inex- 
pensive, easy of application, and easy to 
manage, and could probably also be readify 
attached to many existing dironometers. 

I am. Sir, 
Your obedient SerrHnt, 
WILLIAM ELLIB. 
Royal Observatory, Greenwich. 
June 7thy 1875. 



THE "EVERLASTING DRUM" AGAIN. 

Sib, — I have read wit^ some interest sod 
amusement the discussion that has beeo 
going on so long about the misconduct in 
their work of the well-known "Drum" 
family. It seems to me that that family 
is pretty nearly being played ont, nnless a 
general move is made among the watch trade 
to take them in hand with an inexpensife 
remedy. 

"Plymouth" says, that "the palletdon- 
brace one tooth." Yes, and the remainder. 
I have tiiree of these drums, one of which— 
a "dead" — embraces no fewer than eight 
teeth, another two, and the third only one. 
But here is a curious part of the basiness : 
the one tooth 'scape has the weakest spring, 
yet goes the longest and keeps the best time ; 
the two-teeth one is next, and the "dead" 
is the most erratic of the three. The "deid" 
spring is very strong — in fact, I believe that 
the adjusting-rod would show that it must 
be nearly double the strength of the otiier 
two. 

I am only an amateur ; or, as my friends 
more aptly describe me, "a feUow who 
wastes half his time muddling his brains 
over clocks and watches." From this yoor 
readers will be better able — asanming that 
this letter is worth printing^to judge what 
v^ue to attach to what I may say. Not 
being a practical horologist, and having no 
capiUd letters after my name, this cantion 
may be all the more necessary. 

Well, I bought three of these " drums" at 
different perils, just to see what could be 

got out of them, as much as anything else, 
ingularly enough, the "dead nn" was 
" strongly recommended ; " bnt, somdioiw or 
other, he has turned out Uie rankest "duffer" 
imaginable. I have treated him to the most 
refined tastes of " Young's oelebrated," fram 
the points of the most remed and "gentedest" 
of brooches, but still no good; ftirthermore, 
he has by £ar the largest awing, his dqptiuDg 
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is the clearest, and his piroting the smooth- 
est of all the three. I have tried his pen- 
dalam-bob as low as tenth turns on the 
screw-thread to get something like decency 
from him ; bat, instead of a minnte or so 
for the day, he will very likely jump forward 
as many as five after we are all quietly in 
our beds. 

My idea of this bad work of his is that 
the spring is too short for its power, and 
what I am thinking of as a remedy is to get 
a spring of, say, two-thirds the pull, and at 
least one-third more in length than the 
present one. From what little I haye seen, 
I belieye that the principal fault of all going- 
barrels made abroad ties in too short a 
spring for its strength. I have long enter- 
tained this opinion, and, in proof to me that 
there is something in it, I have been informed 
that the American Waltham Watch Company, 
recently established in London, use main- 
springs in their watches of the proportions 
of three-and-a-half running lengths to the 
entire acting length of eight, ^at is, that 
taking a spring of eight complete turns, the 
movement only runs ofiT three-and-a-half of 
those turns in the twenty-four hours. There 
seems to be sound mechanical sense in sach 
an arrangement, as it is quite clear that the 
" pull *' of the upper turns, with the whole 
power distributed over such an extended 
range, must produce very even time-keeping 
properties. 

On account of the annoying behaviour 
and stopping of the '* drums," there is a want 
of confidence arising about them among the 
drum-buying community ; indeed, I have, 
on several occasions, when asked, advised my 
friends to have nothing to do with them, 
unless under a guarantee from a respectable 
trader. 

I am greatly afraid that this letter is 
abready much too long ; but I cannot omit 
to mention a circumstance that I have not 
seen noticed hitherto : it is this. I live 
abutting on the line of the underground 
railway, having along the street-front of the 
house a main line of thoroughfare. Now, 
mark this : the traffic, in the railway-tunnel 
oaiues a certain amount of sensible vibration 
in the house ; when, therefore, that traflSc is 
unusually heav^, both the '' drums " in the 
back rooms will stop during the night. 
Again, when both road and rail are " haid 
at it," the vibration is opposite and re-action- 
arjy and the result is that, in the morning, 
not a sii^le beat oau be he(u*d frcmi any 
*' drum " in the three ! Of course we all 
know how that arises. The pendulums being 
so very short get the ** twitters," and are 



soon settled. Another drawback with these 
"drams'* is that they cannot be meddled 
with by a general member of the family, 
should the "expert" be out of the w»y, 
without putting them out of beat, and so 
killing them. With respect to the stopping 
in the last few turns of the spring, the 
simplest remedy that I know of is to wind 
them up twice a week, as I now do. 

What is really wanted by thousands of 
people is a fairly reliable, strong, roughly- 
finished lever-escapement drum, good to 
about two or three minutes a week, that any- 
body can manage, and that will go anyhow 
or anywhere; that can be carried from sitting 
to bed-room, and vice versa. Who will seize 
the really golden opportunity ? 

The only way to obtain such a position as 
that of drum-maker to the British public is 
by the judicious combination of capital, 
machinery, and the concentration of manu- 
facture under one roof. We have already, I 
know, going-barrel cylinder, and lever- 
drums; but they are too dear for the million, 
who buy the French ones. When the price 
turns thfrty shillings, people begin to look 
twice at it. With a system established on 
the above-named principles, it might be kept 
down to that sum as the maximum for good 
but not gaudy work. — I am, yours, &c., 

AN AFFLICTED ONE. 

WINDING-SQUARES. 

Sib, — Mr. Whittaker having expressed an 
opinion (Journal of June, page 14:9) that 
winding-squares to keyless watches were un- 
necessary, would he oblige by stating how 
barrel and arbor should be taken from bar of 
a Geneva watch not provided with square ? 

I have frequently had trouble with such 
in taking to pieces to clean, in fitting main- 
springs, and other repairs, and his advice 
would, I think, be of service to others beside a 

COUNTRY JOBBER. 

THE BRE6UET-SPRING. 

Sib, — I have read with much interest Mf. 
Glasgow's papers upon springing, and quite 
agree with him as to the value of the 
Breguet-spring. 

Having been engaged for the last fifteen 
years here and in the house of the inventor 
in timing with these springs, and having pro- 
vided several hundred watches with them 
durii^ that time, I con speak with some 
experience of the excellent results to be 
obtained from them. 

I think tiiey are the best, as they are cer- 
tainly the most natural in action, of^ny in 
use. 
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I do not quite agree with Mr. Glasgow in 
the necessity for their extra length, asl have 
obtained equally good results from the usual 
open coils ; and if perfect isochronism can be 
obtained with the shorter spring, it is surely 
unnecessary to increase its length, thereby 
increasing the compensation error. The index 
is certainly both prejudicial and useless ; it 
cramps the action of the springs and therefore 
must interfere with its regular performance, 
besides never being required with a properly 
adjusted watch. 

L. DONNE, 

49, CornhiU. 

RAILWAY INSURANCE CHARGES. 
Mr. Allport, general manager of the 
Midland Railway, was a witness on Monday, 
14th June, before the House of Commons 
Select Committee, which is inquiring into 
the working of the Carriers' Act. He sug- 
gested that as there would probably be no 
legislation on the subject this session, the 
companies should try, as an experiment, a 
universal rate of insurance for goods of Is. 
per £100 upon the value of every class of 
merchandise carried by them. If the Govern- 
ment would consent to this arrangement, he 
would recommend that the system be com- 
menced on the 1st August next, and be in 
operation for six months. The object of the 
companies was to protect themselves against 
hea^ loss, and he would, for one, accept less 
than Is. per £100 as insurance on the 
carriage of goods, if that would pay them for 
that loss. 

MR. COLE'S TREATISE. 
The following amounts have been received, 
or promised, since last month, in answer to 
the invitation of the Council to contribute 
to the fund required : — 

£ s. d. 

Mr. R. Gardner, Jun., Glasgow - 5 
Messrs. McGregor and Gardner, 

Glasgow 110 

Mr. Mairet 110 

Mr. A. Trevelyan, J.P. Tranents, 

N.B. 2 

A Country Finisher - - - - 5 



**0n Making and AppLYma Balance- 
Springs."— In the article on this subject, in 
the June No.of the Journal^ the sentence begin- 
ning at line 22, 2nd column, page 158, should 
read, " Therefore, I assert that a spring with 
ten turns is too short, and, in consequence, a 
watch with a spring of that length will gam 
in the short arcs and lose in ttie long arcs." 



Will any reader kmdly inform me h 
stop the scratching noise of a musical bt 
have put pins and hair springs to seven 
could never stop it from scratching. 

APFBENTl 

/ have recently had in my hands u 
clock-watchy on the locking-plate prii 
bearing the name, **Jeremie Chregory, at 
Exchainge *' (sic). / should he glad to 
at what time he lived, if you will kindlx 
the question in your Correspondents^ Cot^ 

W. 



A Canadian Time-Ball. — A new < 
vatory has been completed at Quebec 
connection with this institution a tim 
is dropped every day from the citad 
electricity, giving the ships in harbo 
opportunity to rate their chronon 
correctly. The only other time-ball i 
Dominion of Canada is at St. John, 
Brunswick. 



In 1316, Prior Henry de Estria h 
five bells for Canterbury Cathedrid, wl 
one, weighing 8,000 pounds, was called 
Thomas, and was placed in the great ( 
house. Three others were set up in 8 
long clock-house built about that 
Somner, in his " Antiquities of Cant^ 
1640, makes no mention of so early a 
as that named above being at that city, 
is very elaborate and exact in hisstaten 
and therefore it is noticeable that if si 
clock had been erected there the facteo 
his attention. But he records that Wi 
Benet, who was Mayor of Canterbui 
1450, and who had been various times 1 
one of the bailiffs of that city, by hit 
gave to the parson and wardens o 
Andrew's Church there 4s. 4d. per anni 
keep and maintain the clock for ever, 
incident shows that the public utility of < 
began to be appreciated at that time, 
fate of the clock at St. Andrew's doe 
appear ; but we find that several parishi 
of Canterbury bequeathed money at tb 
of the fifteenth century for the making 
new steeple to that church, the wh( 
which bmlding was pulled down aboi 
year 1764. The gift of a clock to a c 
was anciently deemed to be a most imp< 
benefaction. 
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he Annual General Meeting for the election of officers, and the transaction of ordinary 
88, was held at the Institute, on Taesdaj, 20th July, Mr. E. D. JoHKSON presiding. 



. reading the minutes of the previous 
1 meeting, the Secretary read the re- 
id balance-sheet appended : — 

?ORT FOR THB HaLP TeAR ENDBD 

30th June, 1876. 

issuing their report for the period 
(ting the seventeenth year of the] In- 
s existence, the Council congratulate 
ambers upon the satisfactory position 
3h the Institute has attained both in 
: of the work it undertakes, and the 
) by which it is supported. The mem- 
kve increased in number ; the receipts 
lies of the Journal are in excess of any 

half-year. With the continued assist- 
' the Goldsmith's Company the classes 
een attended by a greater number of 
bs, with most satisfactory results, 
announced in the Journal^ the Council 
lade arrangements with Mr. James 
on Cole, whereby Mr. Cole is to write 
i Jownial a treatise on Isochronism, 

the results of his many years' ex- 
€. Of the £100 to be paid to Mr. 
)r this work, the Baroness Burdett- 
, with the readiness to assist in any 

S'omising useful scientific results 
she is conspicuous, has subscribed 
The remaining £50 the Council pro- 
) raise by means of a subscription 
set on foot among the members and 
ie generally. 

ring the latter part of last year the 
I unexpectedly reoeiTed from the Post 
authorities an application fbr a rent of 
year to be paid m future for the wire 
1 which the time-signals are receired 
nstitute from Greenwich Obflerratory. 
instance of the Council the President 
d a memorial, which was sent to 
)hn Manners, the Postmaster-General, 
forth the history of the conceasion, 
[ring stress upon the flaict that tiie 
. District Telegraph, and other com- 
had erected and maintained the wire 
s without charge, on account of the ac- 
iged public importance of chronometer 
being furnished with exact time. The 
the memorial not being of a fiiToura- 
are, the Postmaster-Gineral, at the 
of the Council, conveyed through Mr. 



Torrens, M.P., received a deputation on the 
subject. As no ftulher demand has been 
made since the interview with^ Lord John 
Manners, which was of a reassuring character, 
the Council hope to be able to report, on a 
future occasion, that no change has been 
made in the conditions by whidi the time- 
signals are furnished to the Institute. 

"In their last report the Council had regret- 
fully to record the death of Mr. Klaftenberger, 
one of the vice-presidents. Mr. E. D. John- 
son, another of the vice-presidents, has lately 
intimated, through the Council, his desire 
to resign that office on account of failing 
health. The duty, therefore, devolves upon 
the members, at the present annual meeting, 
of electing two vice-presidents to fill the 
vacancies thus occasioned. The Council 
cannot forbear adverting to the indebtedness 
of the members to Mr. Johnson for his 
zealous labour at the initiation of the In- 
stitute, and for his ready aid at the critical 
Seriods which have so often occurred in its 
uctuating history. His help and presence 
will not ^ entirely lost, as he expresses his 
willingness to accept a seat at the^Council. 

" The last of some interesting discussion 
meetings on the compensation balance which 
took place in January, a Paper on a Keyless 
Going-barrel Mechanism, read by Mr. Whit- 
taker in May, have been fully reported in 
the Journal The experiment made last 
year of arranging for members of the Insti- 
tute to visit institutions and works of in- 
terest gave so much satisfaction as to induce 
the Council to obtaiir permission for a series 
of vifits during the present summer. The 
first was made in June, when about forty 
members had the privilege of inspecting the 
magneto-electric clocks of Sir Charles mieat- 
stone, and other objects of interest at the 
British Telegraph Manufactory, in the 
Enston Boad. The Council desire to ac- 
knowledge the kindness and courtesy of 
Mr. Bobert Sel>ine on that occasion. Mem- 
bers will notice particulars of future visits 
in the Journal. 

"The Oonncil have to acknowledge the 
following additions to the museum and 
library : — 

'^Q-reenwioh Observations for 1872, and 
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the Beport of the Astronomer-Rojal to the 
Board of YisitorSy 1875. Presented by the 
Astronomer-Royal. 

" The Cape Catalogue of 1169 Stars. By 
E. J. Stone, M.A., Her Majesty's Astronomer 
at the Gape. Presented through the As- 
tronomer-Koyal. 



^ An Antique Watch. Presented by Mr. 
B. £. Chamben. 

** A Portrait of John Arnold. Bequeathed 
by Mr. Ulrich. 
^ Seventeen members have been elected. 
By Order of the OounciU 

« F. J. BKITTEN, 

" Secretary:' 



u 



Balance Sheet for the Hal/'f/ear ended June 30, 1875. 



Income. 

To Balance inTreasurer*shands 

at last Audit 

„ Balance in Treasurer's hands 

(Building Fund) 
,, Donation (Goldsmiths' Oom- 

pany) 

,, Subscriptions 

,, Sales of Journals 

„ Advertisements 

„ Drawing Class Fees 

„ Sundries 

„ Subscriptions received for 

Mr. Oole's Essay 
„ Six Months' Interest of 

Building Fund 



£ s. d. 
10 11 9 
58 17 








6 



50 

74 

57 12 

51 8 

8 7 6 

5 

9 

1 



1 6 



C 11 



£811 10 8 



The Chairman, in moving the adoption of 
the report and balance-sheet, said the report 
was the most favourable in the annals of the 
Institute. In its early days they had never 
doubted that the Institute was capable of 
expansion, and their exertions had been re- 
warded by success. It was founded in 
trouble. They had to encounter the fierce 
opposition of those who were blind to their 
own real interest. They received the project 
as they would have welcomed iced water in 
cold weather. Well, they had happily lived 
through an age of hostility, and arrived at 
an age of prosperity. 

One paragraph in the report was par- 
ticularly gratifying. He believed the Council 
by their prudent conduct had rescued the 
Greenwich grant of a time-wire from jeopardy. 
No little tact, he was sure, was required in a 
matter of that kind, to steer clear of diffi- 
culties. With regard to the arrangement made 
with Mr. Cole, it certainly came very quickly 
after the prize essays on the same subject. 
He hoped the result would justify the hand- 
some sum proposed to be paid to Mr. Cole 
for his experience. At a later period he 
should have a few words to say in reference 



Expenditure. 

By Bent and Taxes 

„ Salaries, Wages, and Com- 
missions 

„ Journal Expenses 

„ Stationery, Stamps, &c. ... 

„ Printing and Advertising . . . 

„ House Expenses 

„ Gratuity to Mr. J. G. 
Ulrich 

„ Sundries 



Balance 

By Cash in Treasurer's hands... 
By Cash in Treasurer's hands 
(Building Fund) 



£ s. d. 

88 1 10 

57 12 7 

91 5 2 

7 8 
1 19 8 

8 15 11 

5 {) 

8 1 i 



48 2 10 
55 3 11 



£811 10 8 

to the paragraph which spoke of his re- 
tirement. He would now move the adoption 
of the report and balance-sheet]; they were, 
he coula testify, both substantially and 
minutely accurate. 

Mr. Jackson had much pleasure in en- 
dorsing the observations of the Chairman as 
to the prosperous condition of the Institute. 
As treasurer he could vouch for the accuracy 
of the figures. Even though it were a repeti- 
tion of what they had alrei^y heard^ he could 
not help expressing hici gratification that such 
progress had been made as was shown by ^e 
report and balance-sheet. It was by far the 
best balance-sheet that had been submitted, 
or at all events, since he had held his present 
office. Speaking officially for the last time, 
he wished to say that the duties of treasurer, 
which had certainly been onerous in former 
years, were comparativdy light owing to the 
admirable system of accounts now adopted. 
One point he thought deserving of the in- 
dividual attention of the Council was, the 
desirability of introducing new members. 
He knew it was sometimes disagreeable and 
invidious to press the claims of tne Institate, 
but in many places it was still nnkuown. 



un, 16^6.] 



THE HOBOLOaiOAL JOURNAL. 



181 



igged leave to second the adoption of 
port and balance-sheet. 
BiOELEY said, the number of members 
le weak point in the report. In tiie 
aragraph they were told that the mem- 
^ere increasing in numbers, and at the 
ley found that seventeen new members 
een elected in six months. Thev were 
Id how many had resigned or died in 
[me. The Journal no doubt was suc- 
t ; it yielded in sales and advertisements 
!;han the members' subscriptions ; but 
Qstitute was never designed to be a 
hing office alone. More efforts, he 
bt, should be made to disseminate 
3al knowledge ; technical articles 
a by skilful men in the different 
les would be very acceptable. If an 
ment maker, for instance, gave them a 
invamished account of his method of 
lure, it would give young men an oppor- 
of becoming better workmen in a trade 
one branch dovetailed into another, as 
^hmaking. He thought some one should 
ited from the Goldsmiths' Company to 
b the work done in the classes. He had 
an opportunity of seeing the drawing 
it work, and was much gratified to 
be attendance so large. The mem- 
)uld judge of the quality of the work 
drawings exhibited. He trusted an 
b appeal for co-operation would be 
:o those who had the interest of the 
kt heart. 

report and balance-sheet having been 
Qously adopted, the Chairman read 
lowing list of officers nominated, and 
jd the whole to be duly elected : — 
5nt— Sir Edmund Beckett, Bart., 
, Q.C., F.E.A.S.; Vice-Presidents — 
Jones, F.R.G.S., Samuel Jackson, 
Glasgow ; Treasurer — Thomas 
•; Council — C. Bacon, 37, Gerrard 
Islington ; G. Barter, 41, Wilmington 
, W.C; H. Bickley, 33, Half Moon 
It, Barnsbury ; W. B. Crisp, 174, St. 
Street Road ; J. Evans, 89, Mount 
Grosvenor Square ; G. W. Frodsham, 
mge Alley, B.C.; G. Hollister, 37, 
Street, Berkeley Square ; G. Hooper, 
3r Chadwell Street, E.C. ; M. Immisch, 
egent Street, W.; H. P. Isaac, 147, 
3ol Road, N. ; E. D. Johnson, F.E.A.8., 
mington Square, W.C; C. Killick, 
ackington Street ; V. KuUberg, 105, 
x)l Road ; C. Lange, 99, Strand ; J. 
d, Comhill ; G. Mayer, 83, Charlotte 
New Road, E.; G. Morton, 31, 
ar Street, N.; T. Nelson, 31, Halton 
Canonbury ; J. Penn, 31, Queen's 



Boad, Peckham, S.E.; E. Perrett, 23, 
Abingdon Street, S.W.; G. Prickett, 5, 
Corporation Row, E.C; W. H. Prosser, 88, 
Bartholomew Road, N.W.; W. 0. Schoof, 
99, St. John Street Road, E.C; A. Smythson, 
la, Harpur Street, Bed Lion ^uare, W.C; 
B. Strachan, F.M.S., 11, OfTord Road, Barns- 
bury ; A. Thickbroom, 6, Spencer Street, 
E.C.; A. P. Walsh, 6, George Street, Euston 
Road, N.W.; T. J. WUUs, 10, Rydon 
Crescent, E.C. 

The Chairman, then proposed a vote of 
thanks to the President, which was seconded 
by Mr. Jackson, and carried unanimously. 

Mr. Jackson said, he desired to propose 
a vote of thanks to the Vice-Presidents. 
Such a vote had a special significance at that 
time, because Mr. Johnson, to whom thev owed 
so much, from whom they had had such long 
service, was about to retire into the ranks. 
No words of his were necessary to bring to 
their remembrance the ability and constant 
labour for which they were indebted to Mr. 
Jones. He moved that the warm thanks of 
the members be tendered to the Vice- 
Presidents. 

Mr. Glasgow felt it would be impossible 
to overrate the services of Mr. Jones, in whose 
absence he could speak of the thoroughly 
unselfish devotion, the enthusiastic and 
sanguine spirit which he ever manifested. 
Without Mr. Jones he believed the Institute 
would many times have found its difficulties 
insurmountable. He seconded Mr. Jackson's 
motion with much pleasure. 

The Chairman, in acknowledging the 
vote of thanks, which was carried enthusias- 
tically, said he would not seek to conceal the 
exertions he had made in the early days of 
the Institute. It had been said that the 
approbation of the master is the sweetener of 
labour, and he had not gone unrewarded. 
He could declare that what he had done was 
for love of the trade ; aggrandizement or 
gain was never in his thoughts. But a man 
attempting to do good would find he had not 
a bed of roses. If he succeeded he would be 
hated for his success. A terrible cynic had 
averred that " we love only those upon whom 
we have bestowed good ; those we injure we 
hate." The Institute had developed — it was 
a success. He felt proud to receive such 
evidence of their approbation for what he had 
done. He should take leave of them, feeling 
sure that others would do the like and better 
the example. 

Mr. BiOKLET proposed a vote of thanks to 
Mr. Jackson, who had held the office of 
treasurer for eleven years, and through times of 
financial trouble sufficient to deter most men. 
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The YOte of thanks haying been seconded 
by Mr. Perrett, was pat to the meeting, and 
declared to be carried nnanimouslj, by the 
Chairman, who could not refrain from bearing 
testimony to the long service and zeal of Mr. 
Jackson. 

Mr. Jackson, in reply, expressed the 
pleasure he felt in doing what he could for 
the Institute. He was sure neither he nor 
his coadjutor (Mr. Glasgow) coveted the 
honour which the members had thought fit 
to bestow upon them. 

Mr. James Pyott and Mr. C. H. Hawkins 
were re-elected auditors, with thanks for past 
services, on the motion of Mr. James U. 
Poole, seconded by Mr. Martin. 

A vote of thanks was then accorded to the 
secretary, on the motion of Mr. Glasgow, who 
took occasion to thank the members for the 
honour they had done him in electing him 
vice-president. 



LIST OF NEW MEMBEBS. 

Bbogkman, John Henry, Adelaide, South 
Australia. 

Oairhb, — , 166, New Bond Street, W. 

Chambers, — , 18, Powell Street, E.G. 

OUENDBT, A., Watch Manufacturer, Sainte 
Croix, Switzerland. 

Dbnman, E. 6., Watch Maker, 56, Napier 
Street, Hoxton. 

Elliott, Jas., Clock Maker, 30, Citizen 
Boad, Holloway, N. 

Garnish, W. H., 6, Davies Street, Berkeley 
Square, Wl 

Gillbtt & Bland, Messrs., Whitehorse 
Kow, Croydon. 

Qtjyb, Auqustb, Watch Manufacturer, 
13, Northampton Square 

Lee, Ja6. Bacon, 25, Northampton Square, 
E.G. 

Maibet, — , Watch Maker, 4, fiydon Cre- 
scent, St. John Street Road, Clerken well, 
E.G. 

Patton, James, Watch Maker, Newtownards, 
near Belfast. 

Pickett, — , Clock Maker, Halfway Street, 
Bexley, Kent. 

Ritchie, Federiok James, Leith Street, 
Edinburgh. 

Stuart, The Ven. Alexander, Archdeacon 
of Ross, 10, Rathmines Road, Dublin. 

Walfobd, W. H., Watch Maker, Bucking- 
ham. 

Wood, G., Watch Maker, Mortlake, Surrey. 



VISIT TO MESSES. GILLETr & BLAND'S 
CLOCK PACTOBT. 

The second of the summer yisitB took place 
on Tuesday, 27th July, when the members 
inspected the Steam Clock Factory at Croy- 
don, at the inyitation of Messrs. Ghillett and 
Bland, and had the advantage of obeerring 
the various operations embodied in Clock 
Making. In the iron foundry, which was 
the first departm^it yisited, the moolden 
were engaged in impressing upon sand 
wooden patterns of frames for turret docb^ 
dials, weights, &c. Into a cupola adjoining, 
portions of pig iron were being thrown^ ai^ 
the fire therein impelled by a strong Uaife 
from a fan, actuated by an enidne in another 
part of the woiiut In one comer Gt the 
foundry is a stove for drying cores md mouUi^ 
consisting of a brick arch, heated by means 
of a fure in a trench bdow the flo<Mr covered 
over with a grating. When small holes are 
to be left in castings a projection of simUar 
section to the required hole is placed upon 
the wood patterns ; in the indentation which 
this projection makes upon the sand is fixed 
what is called a core, which is sand rammed 
60 hard into a box of the shape desired that 
ic will turn out a solid mass ; it is then baked 
in the stove to which we have referred. The 
object of applying this core instead of leaving 
the hole in the pattern, is to save time in 
moulding and to avoid the danger of bdng 
washed away by the molten iron when poored 
in, to which a projection of ordinary loose sand 
would be exposed. Barrels for turret do^ 
and other articles of cylindrical form are often 
made without a wooden pattern, the wetsusd 
being formed to the shape intended, and dried 
in the oven in the same way as the cores. 
While we have been iniq>ecting the oven, and 
learning these particulars, the moulders have 
removed their patterns from the sand and are 
getting ready to fill the mould with the liquid 
iron. A man in a leather apron now approaches 
and 'Maps'' the cnpola witii a Jong rod, 
when the melted iron quickly runs in a thidc 
stream down a gutter into a large basin or 
pot, daubed over the inside with fire-clay. 
When the pot is full the source of the stream 
of iron is dexterously Bto{]^)ed with a plug of 
fireclay, and the moulders bear away the pot 
by means of a long cross handle, and pour 
the iron into the mould. During the pro- 
cess bright stars of fire condnnally atart from 
the stream of iron, and a roaring and cracking 
noise is heard, aa the air and steam escape 
from the mould; Tlie castings wa hare sees 
poured will remain in the lud to ood till 
the foUewing day ; but as wa paM tfazoagh 



lOBX, 1876.] 



THE HOBOLOaiOAL JOURNAL. 



188r 



dundrj we see men remoying Uie sand 
szcreBoences from some cast preyionsly. 
[joining the iron foundry is the brass 
irr. In addition to the ordinary brass 

for clocks, Messrs. Gillett and Bland 
ill their musical bells for chime docks 
or clocks playing any number of tunes, 
dock just completed was arranged to play 
ity tunes, we [are told, as we pass through, 
om the brass foundry we are conducted 
Lgh the smithy and the fitting shops, 
8 machinery of various kinds for turret 
E, chimes, and carillons is turned, planed 
fitted to the exact size aud tcxm 
red. Messrs. Gillett & Bland have 
jrears devoted attention to the perfec- 
of chiming machinery. Formerly the 
in the musical barrel had to lift and 
arge the hammers, an airang^ment 
ring very strong pins, while the time of 
QLUsic was spoiled by the interval occu- 
in overcoming the inertia of heavy ham- 
, in fact, delicacy was out of the ques- 

on account of the cumbersome and 
f machinery necessary. A plan was 
ver conceived of separating the two 
ns ; allotting the duty of letting 
le hammers to the musical barrel, and 
ig a separate barrel, or series of cams, 
nually revolving to raise the hammers 
ey were discharged. This was evidently 
Ight idea, but all who have had any- 
: to do with reducing mechanical ideas 
ractice, will appreciate the care, and 
^ht, and labour which must^have been 
ided by Messrs. Gillett & Bland before 
first complicated device was brought, 
ccessive improvements, to the simple and 
jit arraugement they now use, a brief 
iption of which wiU suffice, although 
3JB embodying the different stages were 
Q to the members. A horizontal rocking 
, which may be described as resembling 
le beam, has one extremity held in a 
. to prevent it from rising. Between 
^tremity and the axis is a shaoUe com- 
eating with a cord to the tail of the 
ner. At the proper moment the pins 
e musical barrel release the catch, and 
ADimer falls upon the bell, pulling up 
end of the rockmg lever, and, of course, 
issing the other end, from which a 
r hangs freely. Directly the hammer 
struck the bell, this fii^ger engaffea a 
. of a widely pitched wheel, always 
ving, and the rocking lever is instantly 
cted to its former position by the 
Led wheel, carrying the finger up until 
Uvergence of the path of the wheel 
IS it to fall off. 



Messrs. Gillett & Bland have also invented 
a plan of damping the bells, so as to avoid 
the horrid effect produced by one note run- 
ning into another, so apparent in moderately 
quick music played upon bells in the ordinarr 
way. Under ordinary circumstances, each 
bell has a leather damper pressing upon it, 
which is removed by the action of discharging 
the hammer. Another improvement intro- 
duced by them in connection with bell music 
is a band of leattier which may be interposed 
at pleasure between the hammers and the 
bells, with a view of obtaining piano and 
forie effiocts. It will be understood that in 
chiming machines made as we have described 
— with the hammers lifted by the auxiliary 
barrel or cams — a keyboard may be substi- 
tuted for tiie musical barrel, and any tune 
within the compass of the bells played l^ 
hand as with a piano or organ, and, indeed, 
Messrs. Gillett & Bland have not only applied 
keyboards to church carillon machines, but 
have introduced what they call a campanula, 
or bell piano, in which the dampers and 
othiar inventions spoken of are embodied. 

The carillon machines that Messrs. Gillett 
and Bland have put up at Worcester Oathe- 
dral, Bradford and Bochdale Town Halls, 
St Stephen's Church, Hampstead, and other 
places are made on their improved system ; 
and the one recentlv put up at Shoreditoh 
Ghurch contains still further important im- 
provements, which we shall probably describe 
m detail shorUy ; and at a church near 
Manchester a kevboard has been attached to 
the carillon machine, playing fourteen tunes 
on thirteen bells ; so that one accustomed to 
the piano can ptoy tunes upon the bells with 
the fingers. 

We have devoted so much time to mechan- 
ism connected with bells, because it occupies 
a prominent position in Messrs. Gillett & 
Bland's factory ; but there is ample evidence 
around that no appliance is wanting for 
making large clodka cheap and well. The 
cast iron wheels are trimmed in a self-acting 
madiine by means of rapidly revolving discs 
of emery. A disc being selected of a section 
corresponding to which should be the space 
between two teeth of the wheel to be oper- 
ated upon, the wheel previously fixed to the 
machine is brought into contact therewith, 
the machine started, and only stopped when 
the wheel is finished; when one space is 
dressed the wheel is lowered out of the way of 
tiie revolving disc and turns on its axis just 
sufficient to bring tiie next space into position. 
By using this machine the teeth of the oast 
iron wheels are brought to correct form at 
little cost In course of mannfiu^ture wa sad 
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fttraat a score of turret clooke, lar^ and 
Btnall, for cliorches and public bnildingB ia 
all parts of the world, and preparationB 
for making a clock and carillons for ' 
the new Manchester Town Hall, which 
will be the larj^cest thing of the kind 
in the United Kingdom. The clock is 
to strike the hoora upon a bell of seren tons, 
and to chime the fonr qaarters on eight bells, 
the time to be shown npon fonr I6-ft. illn- 
minated dials. Aa antomatic gas apparatus 
-wLll be fitted to the clock for taming the gas 
np and down, and so constructed as to suit 
all seasons of the year. The clock will also 
hare an electric connection with the Bojal 
Observatory at Greenwich, The carillon ma- 
chine, on Gillett & Bland's improved patented 
system, is to play 31 tunes (a fresh tune for 
every day in the month) on 17 bells, weigh. 
ing altogether about 30 tons, and will also 
have barrels for changes similar to ringing a 
peal, and an ivory key-board ; and 12 of 
the bells are to be hung for ringing with 
ropes, being the first time that a ringing peal 
has been put up in any town hall. The seven- 
ton honr-bell will be the largest struck upon 
by a clock in this country excepting West- 
minster, and about two tons heavier than the 
one at St. Paul's. We hope to have some 
further particnlars from Messrs. Gillett and 
Bland when it is farther advanced. 

In all their turret clocks Messrs. Gillett 
and Bland use Denison's douhlo three-legged 
gravity escapement, nnlesa otherwise directed, 
but for regulators, &c., adhere to the dead- 
beat as giving equal performance and being 
less costly. 

Although not in the order of the visit, we 
may as well mention here that the turret 
clocks, of whatever size, when finished, are 
hoisted into an upper shop, painted and set 
going, and, aft«r soifieient trial, lowered whole 
into a packing-case. 

After the excellent arrangements in the 
shop devoted to the larger kind, we were 
rather disappointed with the means for pro- 
ducing small clocks. We rather expected, 
from the evident ingenuity and mechanical 
skill shown as far as we had gone, some 
particular duplicating maohineiy, for which 
there certainly seems room. We must not, 
however, foi^et the chronograph, as Messrs. 
Gillett & Bland term a somewhat clever pro- 
duction, in which the ordinary dial and hands 
are dispensed with, and the centre of what 
would he the dial is a rectangular slit, through 
which are seen figures denoting the hour and 
minnte, a small hand and dial to one side 
recording the remaining seconds. At the 
aixtieth second and the sixtieth minnte the 



fisnres are qnickl^ changed, the drums npon 
which they are painted being made wholly of 

vulcanite, and very light, offering but little 
inertia to be overcome. Good chime and 
qnarter clocks, for which England still holds 
her own. receive considerable attention here. 
One shop appeared to be devoted to the 
making of clock cases of every description 
and to suit all climates ; another shop ia set 
apart for the making of patterns, where the 
two-foot rules of the men measnre two feet 
and a quarter of an inch, to allow for the 
contraction of the iron in cooling. 

There were several departments through 
which the members were shown, of which we 
have, not space to speak. 

We have to thank Messrs. Gillett & Bland 
for their coarteous explanations, and for a 
sight of what is certainly the most complete 
clock factory in England. Altogether, abont 
60 men are employed, some of whom are 
constantly away fixing clocks and carillons. 



As9A,y BY Means of the Spbctroscope. 
In my last Eeport, says the Depatj- 
Maater of the Mint, I stated that experi- 
ments were in progress to determine whether 
it would be possible to adopt a proposal made 
by Mr. J. Norman Lockyer, F.E.S., to nse 
the spectroscope in the qaantitative estima- 
tion of the precious metal in alloys used for 
coinage. The results of these experiments 
were communicated to the Eoyal Society, 
and will shortly be published in the Philo- 
sophical Transactions. They conBrmed the 
opinion which I expressed lost year that by 
the aid of the spectroscope diflferences of 
composition more minnte than the one- 
thousandth part might be readily dis- 
tinguished, but we were convinced that, in 
order to establish a process which would 
enable ns to displace the existing methods of 
assay, it was necessary to procure more 
delicate and [>owerfal instraments than thosa 
which had been employed in the laboratory 
experiments, and t<i assimilate the conditioni 
to those which woold occur in practice. The 
necessary apparatus has now been procured 
I may mention that Mr. E. Bigg, who btf 
recently been appointed Assistant Assayer, 
has already proved himself to be a skilful 
and patient experimenter, and that his assist 
ance in prosecuting the enquiry will be tA 
much value. 
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The application of electricity to time-keepers 
and time-keeping dates from the early 
experiment in telegraphing signals and letters 
by the aid of Toltaic electricity, and has 
engaged the attention of several scientific 
men daring the past thirty years, resnlting 
in many ingenioas contrivancesj but all 
proving more or less unsatisfactory and 
uncertain, either from the unsteady perform- 
ance of the clocks as time-keepers, or from 
the expensive and powerfal batteries requisite 
to sustain the electric action. 

It is not my intention here to enter into 
a detailed history of the several steps of the 
application of electricitv as a motive power 
to indicate time, but shall briefly notice a 
few of those more prominent and successful 
results which have passed more immediately 
under my notice. 

Electric clocks, or what have hitherto 
been so named, may be classified under 
three divisions : — 

1st. Those whose motive power is wholly 
electric, and which are independent of any 
other force whatever. 

2nd. Those depending on currents of 
electricity transmitted at regular intervals 
and applied directly to carry forward the 
wheel-work and hands. 

These two classes require no periodical 
winding up, and may properly be styled 
electric clocks. 

drd. Those which being complete clocks 
in themselves, and capable of performing all 
the duties of clocks without the external 
aid of electricity, showing their own time 
and requiring winding up at certain in- 
tervals, but, for the purpose of being made 
more useful and correct time-keepers, have 
corrents of electricity transmitted from 
Bome standard clock, so applied as to control 
and correct the vibrations of the pendulum 
or the movements of the wheel-work and 
hands, and so cause them to show uniformity 
of time with the governing clock. 



About the year 1840, Mr. Alex. Bain, a 
native of the north of Scotland, and well 
known in our citv, where for several years 
he carried on tne manufacture of electric 
clocks, while engaged in experiments with 
telegraphic inventions, constructed an electro- 
magnetic pendulum, which we consider not 
merely the first but by far the greatest step 
towards a perfect machine, combining as it 
does power and simplicity, obtaining the 
most certain results with the smallest cosi 
and^expenditure offeree and material, and, as 
a direct consequence, the smallest chance of 
derangement. Professor Oersted, of Copen- 
hagen, discovered, in 1820, that when a 
current of electricity was passed through 
a wire, a magnetic action was induced which 
affected the needle of a compass placed near 
it, and that the influence was increased by 
passing the wire several times round the 
free magnetised needle of the compass. 
The efifect upon the needle was reversed by 
changing the direction of the current. 

Mr. Sain took advantage of this- dis- 
covery and constructed his pendulum P 
(Fig. 1) by using a helix of wire B, each 
turn being insulated from the preceding, 
for the ball or bob, the wire ending in two 
insulated springs on which the {)endu]um ia 
suspended. Fixed to the casing of the 
clock, and with perfect freedom to allow the 
vibrations oif the pendulum over them, he 
suspended two bundles of strong nermanent 
magnets or bars of hardened steel rendered 
magnetic, with a fixed N. and S. pole, having 
then- similar poles placed in one direction, 
and slightly separated in the centre. 

While the wire helix is in its normal state, 
the pendulum remains stationary ; but im- 
mediately a current is passed throug[h the 
wire, an attractive force is excited in the 
coil towards the magnetic bar, and the 

pendulum being free to move is drawn in 

the direction of the pole of the magnet. 

AVhen the current is cut off, gravity restores 
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the pendalam to, and its inertia carries it 
beyond its point of rest. Mr. Bain made 
this very simple and effective pendalam 
to be self-acting bj providing a sliding- 
bar moved by the vibration of the pen- 
dalam itself, which thas became an 
antomatic make and break, and sostained 
motion so long as the battery continned in 
snfficient strength. The vibrations of the 
pendalam thas maintained he employed to 
carry forward the wheel-work and hands by 
a ratchet wheel and catch, having a friction 
roller and spring to keep the train steady. 

Mr. Bain fitt^ np a considerable nnmber 
of these clocks, and kept them in motion by 
a very weak battery, nsinff merely a plate 
of zinc and copper, or carbon sank in the 
moist earth, and really remarkable results 
were obtained ; in some instances performing 
for some years withoat attention. 

However, as time-keepers, they were snbject 
to great irregalarities, owing principally to 
the friction of the sliding bar affecting the 
free motion of the pendalam, and also to the 
irregular strength of the electro motive force, 
and have consequently fallen into disuse ex- 
cept as matters of scientific interest. 

Many other attempts have been made to 
obtain more correct time-keeping by the 
direct aid of electricity. Amongst them was 
one, which promised much, by Mr. Shepherd, 
of London, whose electric clock was erected 
in a prominent position in the Exhibition of 
1851. In it he adopted an ordinary pendu- 
lum propelled by a slight spring, which was 
wound up at the alternate vibrations of the 
pendulum by an electro-magnet ; the wheel- 
work and hands were propelled by a separate 
electro-magnet excited at the same time by 
the same current. This system, however, 
although it proved more steady in time- 
keeping Qualities than Mr. Bain's, required 
exceedingly powerful batteries, resalting in 
uncertainty in their action, and great trouble 
in attention. Such, to a greater or less extent, 
has been the experience of the first division 
of purely electric time-keeping clocks. 

The second class, or those depending on 
currents of electricity transmitted by a normal 
clock, may more properly be called electric 
companions or dials, and all, or nearly all, 
consisted merely of wheel-work and hands, 
which were carried forward by electro-magnets 
excited by currents transmitted by the normal 
or time-keeping clock, which might be purely 
electric, or, better still, a clock on the orainary 

Srinoiple. The idea of such copying clocks or 
ials originated probably with Sir Charles 
Wheatstone, whose great achievements in 
electro-telegraphy have lately become so yala* 



able, and their construction has been catried 
on in yarious principlea, both in thfa odutijt 
and on the Continent. Indeed, in some of the 
principal continental citiea they hare been 
adopted to a large extent In Paris £iid 
Lyons, for instance, several are fitted up in 
lamps on the principal thoroughfiEureB and in 
the chief hotels. To economise battery power 
in working them, one current is traiiBmitted 
through a certain number for two or three 
seconds each minute, and move forward the 
hiuids one minute at a time. These, from 
their nature, however, require very powerfol 
batteries to excite the electro-magnets which 
move forward the wheel-work and hands; 
and as a strong battery is much more liable 
to derangement, and even to suspension of 
force, for a time, occasional slips and trips 
occurred which destroyed the coincidence of 
time shown, and consequently errors arose. 
As an instance of this, I may state that the 
Electric Company erected a clock in the 
window of their ofKce in the Strand, and 
spared neither trouble nor expense in 
endeavouring to drive it in this mann® 
by the meantime clock in the Greenwich 
Observatory, with which it was connected by 
a wure, until its egregious blunders forced 
them eventually to close it up from view. 

Not only has voltaic electricity been tried 
in this way, but magneto-electricity has also 
been employed with at least equal if not much 
more likelihood of success. About eight 
years ago I took out a patent for thus tnms- 
mitting time through any number of clocks, 
but, unfortunately, from want of time, was 
unable to carry the matter into practice, 
and consequently allowed the patent ri^ht to 
drop, and t^ere it lies — ^not forgotten, but I 
think as fiiU of promise as ever, and ss 
capable of supplying time to the hands of any 
number of clock-dials as any principle of 
electric companions yet introducea. The elec- 
tricity in this case is not produced firom a 
voltaic battery, but is derived ttom a powerfhl 
magnet, having coils of insulated wire on each 
pole. When the magnetic circuit is dosedi 
a current of momentary duration is induced 
on the wire coils ; and when the armatun is 
removed and the circuit opened, a corrent is 
induced in the reverse mrection. On this 
principle, and hj using compound niMpiebi, 
currents of most intense power are produoed, 
as, for instanoe, in the magneto-electric 
telegraph, such as Wheatstone's ABC, wUd 
is constructed to produce movements of ihs 
needle at 800 miles distance, and in the 
powerful magneto-electric exploder of Wheit- 
stone's, whidd I shall afterwards notioe ; and 
also in the production of the electric ligfat» 
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- vhich anrpaasea all othera in brillfuicj, and 
has been introdnced in some of oar light- 
homea, where the iUamiaiiting power reqairee 
to be of very high choractei. The mere me- 
chaniual part of cansing the armatare to 
rotate in front of Ihe magnet poles might be 
performed byaweightor other moti?e power, 
oud might be continuous, or started at 
regolar interyals, by a ^reming clock. 
When in London last spnng, I was not a 
litlle astoniBhed to see my ideas of that time 
patented aad carried out in a telegraph 
manufactory, and actually the very means 
made use of to open and close the magnetic 
circait which I tried then and cast aside as 



being fatal to time-keeping is the normal 
cloc^ whose pendnlnm, in its vibration orer 
the magnets, acted as the make sad break. 
The iiregnlarities of the one in London were- 
admitted to be Tsry great, and special provi- 
sion was made for its correction at short mler- 
vah by connection with an indepcmdent clock. 

I n^ied the adoption of Mr. Jonee' systom 
of controlling to the pendnlom, but have not 
heard whether it has been added. 

I made ose of a very light escf^Mmemt, 
worked by a very fine eleotro-nugnet, to 
cariT forward the hands with a deoit^ beat, 
while the London patentee adopted a revolv- 
ing magnetised needle inside a wire coil. 




aimilar to a galvanometer, which moved 
forward the hands with a nniform and con- 
tinnona motion. 

This brings na now to the third division, 
or those clocks which are in themselves com- 
plete, requiring periodical winding, bat 
merely corrected in their time-keeping by 
cnrrenta transmitted at certain intervals from 
some standard clock. 

In 1 840 Mr. Bain enggested a plan whereby 
the errors in time of an ordinary clock might 
be removed every honr, by means of an 
eleetro-mt^et acting by a Y-shaped piece 
OB the mmnte hand. Mr. Walks, of the 
Bleetrio Telegr^h Company, also adc^>t«d a 



plan which was carried ont in several of the 
telegraph oEHces in the principal towns. The 
cloMB were regulated to gain a few seconds 
daily, and about thirty seconds before ten 
A.X. each day, an arm was allowed to drop 
and catch on a piu in the seconds wheel, 
thereby stopping its progress until the ontrent 
transmitted at ten o'clock from Qreenwioh 
withdrew the arm by eiciting an eleetzo- 
mi^et, and allowed the wbeel-w<»k to go 
on as before. By this means the clocks «r«re 
set daily to within two seconds of tme time. 
These, however, are merely approximate re- 
finements in time-keeping, and also required 
powerful batteries to produce the result. 
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About aiiteen years ago Mr. Jones, theo 
maaager of the railway atation at Chester, 
liad hia attention called to electric clocks, 
and attempted by means of large electro- 
magnelB to drive the wheel-work and hands 
of a large dial within that station. After 
spending mnch time, labour, and expense, 
and covering the floor of a room with batteries 
in alarmingly increasing numbere, the bap^y 
thought occurred to him, that as Mr. Bain 
had succeeded in driving not only bis pen- 
dnlum, bnt also hia clock, with the small 
power obtained from a copper and zinc plate 
rank in the earth, surelyMr. Bain's pendulum, 
if applied to and driven by an ordinary clock, 
oonld be caused to vibrate in unison with 
that of an astronomical clock, if such was 
employed to transmit currents to it at regalar 
intervals. 

The succesB of the eiperiment was soon 
placed beyond doubt, and the large clock, 
which no battery power was found snliicient 
to drive, was kept in check and cansed to 
beat in coincidence with the normal clock. 
Afterwards, an old and cumbrous clock in 
the Victoria Tower in Liverpool, having 
six dials of large size, was kept beating time 
to a second with that in the Observatory 
there, with a very small expenditnre of battery 
power. A small clock also at the Magnetic 
Telegraph Company's office on the Exchange 
FlagSjConnectedwith the Observatory, became 
therecognisedstandardof time. Duringeleven 
hours in one day, no fewer than I860 persons 
were observed to compare their watches with It. 

From eitensive alterations and improve- 
ments at the docks, these clocks have been 
removed, and a new observatory erected on 
Bidston Hill, about three miles down on the 
Cheshire side of tiie Mersey, and the oppor- 
tunity of controlling clocks in Liverpool bos 
meanwhile been lost. We have the oppor- 
tunity, however, of referring to those clocks 
in our own city which have proved so reliable 
— that in the Castle, which has fired the 
daily gun signal for the past twelve years, 
exposed as it is to every storm, and the 
vibratioQ of the gnn, which is within five 
feet of the clock case ; and also those in the 
Gecerat Post Office, and that in ^nt of the 
General Register Hoose; all of which are 
provided with iho means of reporting their 
accuracy, and do so every minute, day and 
night, to the Eoyal Observatory, where their 
performance is rigorously observed and 
recorded. 

A few words will explain the controlling 
ay stem. 
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All Lett«r> to be sddmud to the Bditor, mtUie 
Iii*titut«, SB, Northampton Sqiure, B.C. 

NOTES AND REFLECTIONS ON MB. 
WHITTAKER'8 PAPER IN THE 
JUNE NUMBER. 

Sir, — I read with mnch interest Mr. Whit- 
taker's paper on his stem-winding system, in 
the Jnne number of the Journal, and tmat 
that I have derived some knowledge from the 
study of his beantifal diagrams. There WM 
one thing that I was especially glad to see ; 
that was, that the grand old " line of 
centres " had at last been " taken on " ia the 
new keyless work. He had a long time in 
the "scapement business, and I vraa in great 
ho[>eB, some years ago, of his being sent to 
take a pull between the fusee and barret. 
However, he was shunted for some reason 
or another, and those hopes have been dis- 
appointed ; therefore, let him, like a true 
believer, adopt the " eastern position," now 
so much contended for in other quarters, ind 
ponr out his gratitude accordingly. South- 
eastern will be nearer. But whether keyless- 
ism on the line of oentrea, or on the elbow, 
or any other of the hundred and one " lines," 
is the best, is not the purport of my presecl 
communication. 

Having " a friend, who is in the trsde," 1 
have seen a goodly number of watches in 
my time, of all kinds and conditions; 
1 have seen air-proof, and dust-proof, and 
water-proof. A friend, looking over mj 
shoulder, cries, "Walker !" That is exacUj 
it. It was " Walker." Wd not I «e. 
day by day, as Eupplementing Urb»s 
JuROENHEN, in "The Higher Horologii* 
Art," watches going at the bottom of the 
crystal-es/ of tumblers, filled with the spark- 
ling-ea/ of water. As I gazed throng 
the thickest of plate-glass, I exclaioei^ 
" Shade of Ut leiisio sic vis < Brave oU 
Hooke ! ■' (Mem.— This ia the only horolCK 
gical Latin allowed to the masters of tM 
craft.) Tempora mitlantur; Tempora labwitW; 
TempoTi paretitum ; Tempus edax rerttm, and 
Tempmfiigii, are only for the apprenticesand 
ontfliders like me. To be sure, TempwtmvM 
eat is permitted to ComhiU, Cheapeide, and 
the Strand, when wavering cnatomers b"** 
watch-covered counter in front of them, tsa 
want too ranch pap-feeding before theyBeled 
and pay up. But, when ^ ia said and don^ 
Ul tenth tic vis ia, beyond doubt, the ortbtt- 
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dox article. Still, as I looked at the water- 
proof " goods ** on the iaside of that window, 
I sighed, and exclaimed, '' Shades of Hooke, 
of Haggeas, of Harrison, of Graham, of 
Earnshaw, of Arnold, and all the great de- 
parted ! that watch in water, that water in 
tnmbler, that tumbler in window — that 
looks like business, that looks like getting 
on. This must be seen to." And now, Mr. 
Editor, we have come to pressuro-proof and 
thief-proof. Let me have a thiok. 



The value of ** pressure-proof" .1 confess 
myself unable to appreciate, unless the 
balance cock is placed — like an ironclad's 
engines — below the line of shot ; so long, I 
presume, as the balance is " exposed to the 
enemy's fire," by any liability to impact on 
either the upper jewel, or staff-pivot of the 
balance, so long will that side be vulnerable. 
Again, Mr. Whittaker has not said anything 
about the security of the dial side. Sup- 
posing the pivot of the minute hand and the 
hour hand end of the cannon pinion came in 
for a *' ram,** what is the security there ? If 
it is only what we have at present, then I 
numskullically submit that all the back-door 
precautions are mere bolting with boiled 
carrots. My idea of a pressure-proof watch 
is that of an instrument completely boxed 
up in metal, "body and bones, edge and 
finont, back and sides." What would be 
thought of a "pressure-proof*' safe whose 
door was glass to enable you to see the con- 
tents ? This simile runs exactly on all fours 
with a " pressure-proof" watch, so longas the 
wearer wants to look at the hands* With a 
minute repeater I admit that the thing mie;ht 
be done, for, in that case hands may be dis- 
pensed with. Let the inventive genius of 
Mr. Whittaker turn out something " hammer- 
proof ** in that direction. 

And now for the " thief-proof" part of the 
business. 

I have looked carefullv over the paper in 
the Journaly and, although I am somewhat 
acquainted with thievin?, and thieving 
arrangements, I cannot fina a single allusion 
to the '' art'* in what I have read. A '' thief- 
proof* watch, I take it, without being too 
literal, is a watch that a thief cannot readily 
get away. There have been many con- 
trivances of this kind from the bottom chain 
upwards — perhaps the revolving bow was as 
good as any. The best that I ever saw was 
one that I invented myself (HI). 

It did not " take" for two reasons : one 
was that it only cost a farthing, and could 
be got at any tailor's "trimming shop/' 



and the other reason was because it was the 
surest " safety " that had ever been tried. 

This was it : — A large farthing hook— of 
the hook-and-eye family — was strongly 
stitched under the npper seam of the 
watch pocket, and then hump-backed up 
a little. Upon this the watcn was hung. 
On snatching it out with the chain the top 
of the pendant struck the hump of the hook, 
turning that guardian completely bottom 
upwards, with the open side i^inst the 
breast of the waistcoat, the top of the bow 

Eressing on the inside of the claw of the 
ook. The greater the pull, the tighter the 
locking, and, providing all things were strong 
enough, a man might be lifted ofif his feet by 
the chain of his watch in this wav, but the 
— V — 1 a bit of the watch could be got out 
of the pocket. To take the watch out you 
had to press your thumb-nail against the 
upper part of the hook so as to prevent the 
pendant striking the hump, and the watch 
then came off. 

Whilst that idea had " possession of my 
soul," I cost my friends a good deal in cigars 
and brandy in this way: — I risked my 
watch, and the]^ risked their chains. I 
swivelled the chain on the watch, hooked the 
latter in the pocket, and gave "three snatches 
a shilling," I standing perfectly still. I 
never knew one of them win ; injact, I could 
never " unhook " myself without using the 
thumb-nail. I have seen as many as three 
guard-chains broken in one evening, but no 
watch taken. My wager was 2 to 1, but I 
never lost once. This is what I call " thief- 
proof" in earnest. 

On the other hand, it was just as easy, 
after a day's trial, to take out your watch in 
this way as in any other. I was strongly 
urged to patent the "invention," but, as 
some of my friends would not take the trouble 
to have the hooks sewed on after I humped 
them for them, I did not see many signs of a 
harvest by patenting. Indeed, one lady cut 
a hook ont of the waistcoat after it had been 
sewn in. Her husband was an engineer, and 
Uke most men of that scientific "persuasion," 
he carried a good-sized timekeeper — an 18, 1 
think. When he went to bed, ne was in the 
habit of hanging his waistcoat on his wife's 
bed-post, on account of the large dial and 
spade hajids enabling her the better to see, 
by the winter morning's night-light, when to 
rouse up her handmaiden for the breakfastly 
coffee and eggs. She used to reach over and 
quietly draw ont the watch by the chain, look 
at it, and as quietly slip it back again. One 
grisly morning, however, she gently drew up 
the chain, looking for the famUiar face to rise 
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